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5 NOVEL MEMBERS OF THE LYSYL OXIDASES FAMILY OF 

AMINE OXIDASES RELATED APPLICATIONS 



This application claims the benefit of U.S. Provisional Application No. 
60/201,587, filed May 3, 2000, entitled LYSYL OXIDASES: A NOVEL FAMILY OF 
10 AMINE OXIDASES, which is hereby incorporated by reference in its entirety, including 
drawings. 

FIELD OF THE INVENTION 

The present invention relates generally to lysyl oxidases, members of the copper- 
dependent amine oxidase protein family, DNA sequences encoding same, and various 
15 uses therefor. 

BACKGROUND OF THE INVENTION 

Lysyl oxidase (LOX) belongs to a heterogeneous family of copper-dependent 
amine oxidases that oxidize primary amine substrates to reactive aldehydes (Janes et at., 
Biochemistry 3L 12147, 1992; Lyles, Int. J. Biochem. Cell Biol 28: 259-274, 1996; 
20 Dove et al., FEBS Lett. 398: 231-234, 1996). From the time of the discovery of LOX 

(Pinell and Martine, Proc. Acad. Sci. USA 61.: 708-714, 1968) most studies have focused 
on the specific cross-linking activity and catalytic mechanism of action of this enzyme on 
collagen and elastin substrates, essential to the biogenesis of connective tissue. 

Recently, multiple novel biological functions have been attributed to LOX. 
25 Evidence from several laboratories suggests that LOX may have other intracellular or 
intranuclear substrates involved in these functions. The range of activities attributed to 
LOX cover a spectrum of biological functions including developmental regulation, tumor 
suppression, senescence, cell growth control and chemotaxis (Contente et al. Science 
249 : 796-798, 1990; Lazarus et al. Matrix Biol. 14: 727-731, 1994; Mello et al Exp. Cell 
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5 Res. 220: 374-382, 1995; Csiszar et at. Mol. Biol. Reports 23: 97-108, 1996, Saito et al. 
J. Biol. Chem. 272: 8157-8160, 1997; DiDonato el al FEBS Lett. 419: 63-68, 1997). 

Lysyl oxidase participates in the critical post-translational modification, essential 
to the biogenesis of connective tissue, by oxidizing peptidyl lysine in these proteins to a- 
aminoadipic-6-semialdehyde or allysine. This peptidyl aldehyde can then spontaneously 

10 condense with neighboring amino groups or other peptidyl aldehydes to form covalent 
cross-links in several fibrillar collagen types and desmosines and isodesmosines in 
elastin. These different cross-links are essential for the development of collagen fibrils 
and insoluble elastin, the major protein component of elastic fibers (Eyre et al. Ann. Rev. 
Biochem. 53: 717-748, 1984; Kagan et al. In: Molecular Biology and Pathology of 

15 Elastic Tissue, (Editors: Mecham and Roberts), Ciba Foundation Symposium Series, 
1994; Smith-Mungo and Kagan, Matrix Biol. 16: 387-398, 1998). 

A significant role for LOX in cellular transformation and reversion was reported a 
few years ago by several laboratories. Friedman and co-workers (Science 253: 802, 1991) 
first described LOX as a 'ras recision' protein, encoded by an mRNA dramatically 

20 reduced in levels upon transformation of 3T3 cells and re-expressed in high abundance 
following interferon-mediated reversion of these transformed cells (Contente et al. 
Science 249: 796-798, 1990, Kenyon et al. Cell Mol. Biol. 5; 206-210, 1991). The 
upregulation of LOX synthesis in revertant ras-transformed cells has since been 
independently verified by several other laboratories (Krzyzosiak et al. Proc. Natl. Acad. 

25 Sci. USA 89: 4879-4883, 1992; Hajnal et al. Cancer Res. 53: 4670-4675, 1993; 
Oberhuber et al, Mol. Carcinog. J2: 198-204, 1995). These initial studies were 
performed in transformed fibroblasts only and though suggesting anti-oncogenic activity 
for LOX, neither provided a mechanistic basis, nor proved such a function. 

Subsequently, several regulatory mechanisms have been identified that result in 
30 modulation of LOX expression and which may contribute to its putative tumor suppressor 
function. Transcriptional regulation of the LOX gene by oncogenic ras was reported by 
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5 Csiszar et al., (Mol. Biol. Reports 23: 97-108, 1996). TGF-(51 has also been reported to 
affect LOX mRNA levels, mainly through a post-transcriptional mechanism that results 
in strong reduction of cell proliferation rates (Gacheru et al. J. Cell. Biochem. 65: 395- 
407, 1997; Feres-Filho et al J. Biol. Chem 270: 30797-30803; 1995 and 271: 6411-6416, 
1996). Loss of TGF-pl regulation of the LOX gene has also been observed in prostate 

10 cancer leading to the progressive decrease of the amount of LOX mRNA in prostate 
tumors (Ren et al. Cancer Res. 58: 1285-1290, 1998). The LOX gene has also been 
shown to be the target of the anti -oncogenic interferon regulatory factor, IRF-1. The 
activation of the LOX promoter through the IRF response element results in LOX gene 
up-regulation and consequent tumor cell reversion (Tan et al. Cancer Res. 56: 2417-2421, 

15 1996). While the mechanism by which this amine oxidase may mediate rumor 

suppression and control cell growth still remains unknown, the observation suggests a 
possible pathway for the up-regulation of LOX gene expression during interferon- 
induced reversion. 

Altered LOX gene expression has been noted in invasive and metastatic prostate 
20 and breast cancer. Significant expression of the LOX gene has been observed in normal 
prostatic epithelial and stromal cells and a progressive decrease in LOX mRNA levels 
has been shown to be associated with malignant prostatic epithelial cells and with the 
development of primary prostate tumors. This reduction in LOX mRNA levels, 
moreover, has been shown to be part of an aberrant response of these tumorigenic cells to 
25 TGF-pi (Ren et al Cancer Res. 58: 1285-1290, 1998). In breast tumors, abundant LOX is 
observed in myofibroblasts and myoepithelial cells in benign lesions surrounding in situ 
ductal carcinomas. LOX levels decrease dramatically, however, in invasive ductal breast 
carcinomas (Peyrol et al Am. J. Pathol. 150: 497-507, 1997). Similarly low levels of 
LOX mRNA and LOX catalytic activity has been reported in a variety of tumor cell lines 
30 including melanoma, fibro-and choriosarcoma, rhabdomyosarcoma and ras-transformed 
osteosarcoma cells as a possible result of both transcriptional down-regulation and 
decrease in mRNA stability (Kuivaniemi et al. FEBS Lett. 195: 261-264, 1986; Contente 
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5 etal. J. Biol. Chem 268: 18435-18437, 1993; Science 249: 796-798, 1993; Csiszar a/. 
Genomics 16: 401-406, 1993, and Mol. Biol. Reports 23: 97-108, 1996; Hamalainen et 
at. J. Biol. Chem. 270: 21590-21593, 1995). 

The above-noted observations with respect to prostate, breast tumors and several 
tumor cell lines, and the earlier report describing tumor reversion by interferon, indicate a 
10 strong association between reduced levels of LOX and tumorigenesis and support the 
proposed role of LOX as a tumor suppressor. It has also been demonstrated that somatic 
LOX gene mutations do occur in colon cancer and may be the primary cause of loss of 
LOX function in colonic tumors (Csiszar et al. 2001 , accepted for publication by Eur. J. 
Cancer). 

15 The LOX gene maps to chromosome 5q23 (Hamalainen et al. Genomics U: 508- 

516, 1991 ; Mariani et al. Matrix 12: 242-248, 1992), a chromosomal locus in which high 
frequency interstitial and complete losses are recurring anomalies associated with a 
number of malignancies including colon, esophageal, lung and gastric carcinomas 
(Wieland et al. Ongogene 12: 97-102, 1996; Tamura et al. Cancer Res. 56: 612-615, 

20 1996). A significant loss of heterozygosity of this chromosome 5q23 region (including 
the LOX gene) has been observed in DNA from colon tumors in over 140 unrelated 
patients with sporadic colon and esophageal carcinoma (Csiszar et al, 2001, Supra). 
Moreover, the surviving LOX gene allele in these tumors also contains inactivating 
mutations. The loss of function of the LOX gene through these inactivating somatic 

25 mutations and the consequent loss of a recessive tumor suppressor phenotype in colon 
and esophageal tumors is direct evidence suggesting that LOX may indeed serve as a 
tumor suppressor in a manner similar to other tumor suppressor genes known to be 
important in the pathogenesis of colon and esophageal cancer such as MCC, APC and 
p53 (Hoops et al. Clinics of North America JJ.: 609-633, 1997). 

30 LOX may act as a tumor suppressor, either through its catalytic function as a 

copper-dependent amine oxidase or through a new and completely unknown mechanism. 
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5 Mutations of LOX in sea urchin development and in xenopus oocytes have been reported. 
The amine oxidase activity of LOX was shown to increase several-fold during the 
development of sea urchin embryos and peaked during gastrulation and larva formation. 
The treatment of developing embryos with P-amino proprionitrile (pAPN), a specific 
LOX inhibitor, results in developmental arrest at the mesenchymal blastula stage. This 
10 striking arrest of embryonic development suggests a critical role for LOX in mesenchyme 
migration, gastrulation and morphogenesis during sea urchin development (Butler et al 
Exp. Cell Res. J73: 174-182, 1987). 

The intracellular interaction of LOX and ras was tested by co-injecting LOX and 
oncogenic p21-Ha-n35 into maturing xenopus oocytes. The intracellular presence of LOX 

15 in the oocytes inhibits ^-dependent oocyte maturation, while pAPN treatment of these 
injected oocytes successfully abolishes this inhibition of maturation. LOX dependent 
inhibition, moreover, appears to be mediated by the de novo synthesis of a protein (as yet 
unknown) that actually acts as an inhibitor to block oocyte maturation in a relatively late 
stage of the maturation pathway that involves not only ras but also Erk2 (DiDonato et al 

20 FEBS Lett. 419: 63-68 1997). 

The study of LOX provides convincing evidence that LOX does much more in 
multi-cellular organisms than ensure the mechanical integrity of several extracellular 
matrix polymers. Experiments involving maturing oocytes in particular, point to a novel 
intracellular function for LOX. 

25 LOX has been shown to be synthesized as a 48 kd pre-proprotein which appears, 

following intracellular and extracellular processing, as a 32 kd enzyme in the 
extracellular matrix (Kagan et al. In: Molecular Biology and Pathology of Elastic Tissue, 
(EditorsL Mecham and Roberts), Ciba Foundation Symposium Series, 1994; Cronshaw et 
al. Biochem. J. 306: 279-284, 1995). This mature form of LOX has been shown to be 

30 immunolocalized in connective tissue to the periphery of developing elastic fibers and 
associated with collagen fibrils (Kagan et al. J. Cell Biol. 103: 1 121-1 128, 1986, 
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5 Kobayashi et al Br. J. Dermatol. Hi: 325-330, 1994). LOX, however, has been shown to 
be localized within chondrocytes, cultured epithelial cells (Wakasaki et al. Lab. Invest. 
63: 377-384, 1990) and within the nuclei of rat vascular smooth muscle cells and 3T3 
fibroblasts (Li et at. Proc. Natl. Acad. Sci. USA 94: 12817-12822, 1997). LOX- 
dependent alterations in chromatin structure have also been reported (Mello et al. Exp. 

10 Cell Res. 220: 374-382, 1995). Moreover, Kagan and co-workers have recently described 
an intra-nuclear LOX-cross-linking activity. A crosslink was observed in the nucleus, 
which may result in a LOX-mediated loss of positive charge in a possible nuclear 
substrate (Li et al. Proc. Natl. Acad. Sci. USA 94: 12817-12822, 1997). This process is 
analogous to the acetylation of lysine residues in histones by histone deacetylase, that is 

15 well known to correlate with changes in transcription of nucleosomal DNA (Wolffe et al. 
Science 272: 371-372, 1996). 

It has established that extracellular matrix amine oxidases are responsible for the 
catalysis of lysine-derived crosslinks in a variety of collagen types and elastin. However, 
it is unclear whether a single enzyme or multiple lysyl oxidases are in fact responsible for 

20 the deamination of lysine residues from such diverse substrates (Kagan et al. J. Biol. 

Chem 259: 11203-11207, 1983 and Biochem. Biophs. Res. Comm. 115: 186-192, 1983; 
Eyre et al. Biochem 53: 717-748, 1984, Shah et al J. Biol. Chem. 268: 1 1573-1 1579, 
1993; Nagan et al. J. Biol. Chem. 269: 22366-22371, 1994). While multiple iso forms of 
LOX have been described in bovine aorta, the biological relevance and origin of these 

25 isoforms have not reported (Sullivan et al J. Biol. Chem. 217: 13520-13526, 1982; 

Kuivaniemi et al J. Biol. Chem. 259: 6996-7002, 1984; Williams etal. Anal. Biochem. 
149 : 430-437, 1985). Several other proteins with either LOX activity or LOX-derived 
crosslinks have also been described, but the relationship of these proteins or 
glycoproteins to LOX remains unclear (Eyre et al Ann. Rev. Biochem. 53: 717-748, 

30 1984). 

The mechanism(s) of how a single LOX protein can fulfill so many different 
functions is unknown. Alternatively, several different lysyl oxidases may exist that 
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5 individually function to perform these roles, currently attributed to a single enzyme. Over 
the past few years, two lysyl oxidase-related proteins have been described that fulfill all 
the requirements of being fully functional, but genetically distinct, LOXs that could serve 
as a family of proteins present in a variety of cellular and tissue locations, each with a 
related but different function. 

10 The first of these lysyl oxidase-related proteins is called LOL, or lysyl oxidase- 

like (Kenyon et al, J. Biol. Chem. 268, 18435-18437, 1993; Kim et al, J. Biol. Chem. 
279 . 7176-7182, 1995). A cDNA sequence comparison of LOL and LOX confirms a 
significant homology within the carboxy-terminal portion of these proteins. This 
homology includes a striking conservation of the copper-binding site, the catalytic and 

15 the carbonyl co-factor binding site. This domain conservation is also reflected in 

conservation of exon size and exon-intron boundaries in five of the seven exons in both 
the LOX and LOL genes encoding these conserved domains. This gene was subsequently 
mapped to chromosome 15q23 and renamed LOXL (Szabo et al Hum. Genet. KH: 198- 
200, 1997; Kim et al Clin. Genet. 51 ; 131-132, 1997). The localization of the LOXL 

20 protein to sites of de novo fibrosis in the liver has also been reported and co-regulated 
expression demonstrated for the LOXL gene with the colIIIAJ gene and the LOX gene 
with the gene encoding pro-al(I) collagen. These results suggest different functions for 
LOX and LOXL (Kim et al, J. Cell. Biochem. 2, 181-188, 1998). 

More recently, a second lysyl oxidase-related protein (LOXL2) has been reported 
25 in senescent fibroblasts that contain the same carboxy-terminal sequence conservation 
noted in LOX and LOXL (Saito et al. J. Biol. Chem. 272: 8157-8160, 1997). 
Characterization of LOXL2 protein has facilitated identification of the corresponding 
gene and confirmation that LOXL2 is indeed another genetically distinct copper-binding 
protein closely related to LOX (Jourdan Le-Saux et al. J. Biol. Chem. 274(18): 12939- 
30 12944, 1999). LOXL2 has been mapped to chromosome 8p21 (Jourdan-Le Saux et al 
Genomics 2: 305-307, 1998). The unique temporal and spatial tissue-specific expression 
partem in reproductive tissues and the possible intracellular localization of LOXL2 
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5 indicates a role for LOXL2 that is distinctly different from either LOX or LOXL 
(Jourdan-Le Saux et al. J. Biol. Chem. 274 (18), 12939-12944, 1999). 

With the proposed existence of a family of lysyl oxidases, each member with 
possibly specific substrates, tissue locations, probably different cellular or extracellular 
sites of action and distinct developmentally regulated patterns of expression, it may now 
10 be possible to understand and unravel the details of the relationship between the 
individual lysyl oxidases and the mechanistic basis for the many functions of these 
proteins that had previously been attributed to just a single protein, LOX. 

Elucidating the biochemical basis for the multifunctional nature of lysyl 
oxidase(s) is important and relevant to a clearer understanding of the development of 
15 normal tissue structure and function. Understanding the biology of this family of proteins 
is, however, also critical to a better insight into the role of lysyl oxidases in a wide range 
of acquired and heritable diseases. 

The role of lysyl oxidase in human disorders, either as a primary determinant of a 
disease process or as a secondary consequence of other genetic or environmental factors, 
20 has never been clear. By unraveling the complex role of lysyl oxidases in tissue structure 
and function, new and valuable insight can be obtained into the mechanism(s) by which 
these amino oxidases influence such a variety of disease processes. 

The role of LOX in the pathobiology of colon cancer and the probable role for the 
LOXL proteins in invasive breast and prostate cancer have been described. It is very 

25 likely that the tumor suppressor function of lysyl oxidases will be important to other 

tumors as well. Confirming the tumor suppressor role and providing a mechanistic basis 
for this function is particularly significant in the case of the LOXL2, since its gene has 
been mapped within the chromosome 8p21 region that is minimally deleted in most solid 
tumors (Wu et al. Genes Chromosomes Cancer 20: 347-353, 1997; Haggman et al. 

30 Urology 50: 643-647, 1997; Wagner et al Am. J. Patbol. 151: 753-759, 1997; Jourdan- 
Le Saux et al. Genomics 2: 305-307, 1998). Moreover, given the important role of LOX- 
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5 like proteins in human health, the discovery of additional LOX-like genes would be of 
great benefit. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there are provided additional copper- 
dependent lysyl oxidase-like proteins, nucleic acids encoding same, methods to produce 

10 the same, and uses thereof. Invention proteins are referred to herein as LOXL3 and 
LOXL4. Full length cDNA sequences encoding invention proteins and the deduced 
amino acid sequences of LOXL3 and LOXL4 are also provided. DNA molecules 
encoding LOXL3, LOXL4 and other proteins of the LOX gene family are useful, for 
example, as probes for detecting the presence of these nucleic acids in biological or 

15 pathological samples, for identification of additional proteins of the LOX gene family, as 
coding sequences which can be used for the recombinant expression of invention proteins 
(or functional fragments thereof), and the like. Fragments of nucleic acids encoding 
invention proteins can also be employed as primers for PCR amplification of DNA 
encoding invention proteins, and the like. Invention proteins can be employed in a variety 

20 of ways, such as, for example, in bioassays, for production of antibodies thereto, in 
therapeutic compositions containing such proteins and/or antibodies, and the like. 

In accordance with another aspect of the present invention, anti-LOXL3 and anti- 
LOXL4 antibodies are also provided. LOXL3 and LOXL4 antibodies, as well as other 
proteins of the LOX gene family and antibodies thereto, are useful for diagnostic assays 

25 to determine expression levels and localization of invention proteins and other proteins of 
the LOX gene family in various tissue samples from either healthy or infirmed subjects. 
Anti-LOXL3 and anti-LOXL4 antibodies, and antibodies against other LOX gene family 
proteins can also be used to purify invention proteins, and the like. Moreover, these 
antibodies are therapeutically useful to counteract or supplement the biological effect of 

30 LOX-like proteins in vivo. 
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5 In accordance with yet another aspect of the present invention, transgenic animals 

whose genome has a disruption of one or more genes related to the LOX gene family, e.g. 
LOXL, LOXL2, LOXL3, LOXL4, and the like, are provided. Methods for producing 
such transgenic animals are also provided. The above-described disruption results in an 
animal exhibiting a disorder as compared to a wild-type animal, and comprises the 

10 insertion or deletion of a transgene including a selectable marker sequence, or a point- 
mutation of a transgene. Such disruption also results in homozyosity or heterozygosity of 
a gene related to the LOX gene family. 

Methods and diagnostic systems for determining expression levels or activities of 
invention proteins (or fragments thereof) in various samples or subjects are also provided. 
15 These diagnostic methods can be used, for example, to diagnose physiological disorders 
that result from abnormal levels or activity of invention proteins or other proteins in the 
LOX gene family. 

In accordance with still another aspect of the present invention, methods for 
determining extracellular and intracellular localization of proteins of the LOX gene 

20 family are provided. For example, LOXL2, LOXL3, LOXL4, and the like, are identified 
as membrane-associated proteins. For example, LOXL2 appears at sites where basement 
membrane is present. Detection of LOXL2 associated with the plasma membrane of 
cultured cells, suggests that membrane association may significantly modify the structure 
and consequently the catalytic activity of LOXL2. Methods for determining the 

25 membrane association of LOXL3 and LOXL4 and investigating possible similarities with 
LOXL2 are also provided. 

In accordance with a further aspect of the present invention, methods for 
determining the activity of LOXL2, LOXL3, LOXL4, and the like, are provided. For 
example, using synthetic peptide substrates, the amine oxidase activity of 
30 immunopurified LOXL2 and membrane associated LOXL2 are measured in vitro. The 
inhibition of the amine oxidase activity of these proteins by (3APN is also tested. The (3- 
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5 strand structures within the cytokine-binding domain of LOXL2 are different from both 
LOX and LOXL; these structures, together with the predicted transmembrane localization 
of LOXL2, significantly modify folding of this protein, further suggesting that LOXL2 
and also LOXL3, fulfill other functions such as binding of cytokines or interacting with 
other proteins and that some of these functions can be associated with the basement 
10 membrane. 

In accordance with a still further aspect of the present invention, methods for 
evaluating whether proteins of the LOX gene family are associated with the basement 
^ membrane are provided. For example, invention methods are used to determine that cell 
surface bound LOXL2 is functionally associated with basement membrane collagen type 
15 IV, and that LOXL2 is structurally associated with the basement membrane. Methods for 
the similar measurement and evaluation for LOXL3 and LOXL4 are also provided. 

In accordance with another aspect of the present invention, methods for 
determining the function(s) of members of the LOX family of multifunctional amine 
oxidases are also provided. Invention methods not only provide information for a better 
20 understanding of the role of lysyl oxidase(s) within the extracellular matrix, but also 
define novel functions thereof in intracellular or membrane locations. These novel 
functions can be relevant not only to normal tissue function but also to a wide range of 
diseases in which altered lysyl oxidase activity is observed. 

In accordance with still another aspect of the present invention, bioassays for 
25 identifying compound(s) that modulate the activity of the LOX-like proteins are 
provided. Such bioassays can be useful for rapidly screening a large number of 
compounds to determine which compounds modulate the activity of the LOX-like 
proteins. Invention bioassays can also be employed to identify new substrates for 
members of the LOX protein family. 
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5 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 collectively shows a comparison of conserved domains within lysyl 
oxidase and lysyl oxidase-related proteins. Fig. 1 A illustrates the various domains in lysyl 
oxidase (LOX) and the extent to which these conserved sequences are present in LOXL, 
LOXL2, LOXL3 and LOXL4 Certain functional domains are indicated; the lengths of the 
10 un-shaded bars represent the relative sizes of the individual proteins. Fig. IB illustrates 
the amino acid differences between LOX, LOXL, LOXL2, LOXL3 and LOXL4 in the 
copper binding and catalytic domains. 

Figure 2 shows the structure of the genes encoding LOX, LOXL, LOXL2, 
LOXL3 and LOXL4. Exons encoding conserved domains include: LOX: exons 2, 3, 4, 5, 

15 and 6; LOXL: exons 2, 3, 4, 5 and 6; LOXL2: exons 6, 7, 8, 9 and 10; LOXL3: exons 9, 
10 and 11; LOXL4: exons 9 to 12; and exons encoding nonconserved domains include: 
LOX: exon 1, LOXL: exon 1; LOXL2: exons 1, 2, 3, 4 and 5; LOXL3: exons 1, 2, 3, 4, 5, 
6, 7, 8 and 12; LOXL4: exons 1, 2, 3, 4, 5, 6, 7, 8; and the exons containing the 3'UTR 
include: LOX: exon 7; LOXL: exon 7; LOXL2: exon 11; LOXL3: exon 13; LOXL4: 

20 exon 1 3. No significant conservation of sequence within the 3'UTR is noted among the 
genes. Chromosomal locations for each gene are on the left of the figure. 

Figure 3 shows a tree representation of clustering sequence relationship among 
five members of the lysyl oxidase family. Available coding sequences for LOX, LOXL, 
LOXL2, LOXL3 and LOXL4 were used for a progressive, pairwise alignment using the 
25 GCG program Pileup. The similarities in aligned sequences are represented in this 

dendrogram to demonstrate the degree of similarity among all the compared sequences. 
The biphasic clustering of LOX, LOXL, LOXL2, LOXL3 and LOXL4, provides a closer 
evolutionary relationship among those lysyl oxidases clustering together. 

Figure 4 shows the (3-amino proprionitrile ((3APN) inhibition of amine oxidase 
30 activity of LOX and LOXL. LOX and LOXL were isolated from extracts of calf aorta by 
DEAE -cellulose chromatography. Eluates containing both immunoreactive LOX and 
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5 LOXL proteins were shown by Western blotting to lack any immuno-crossreactivity with 
each other. The separated fractions were then assayed for lysyl oxidase activity using an 
ultra-filtration assay that measures the release of 3 H-H 2 0 from an elastin substrate labeled 
with L-[4-5- 3 H]lysine. 

Figure 5 collectively shows the predicted folding of p-strands in the extracellular 
10 domains of cytokine receptors (Bazan, Proc. Natl. Acad. Sci. 87: 6934-6938, 1990). Fig. 
5 A shows a topology map with relative positions of conserved amino acids in class 1 
(open circles) and class II (diamonds) cytokine receptors. Residues conserved in both 
classes are in squares. Residues fitting Prosite pattern PS00241 and conserved in LOX 
proteins are in darkened circles. Fig. 5B shows the predicted configuration of cytokine 
15 binding. Linked p-strands form a barrel shaped structure. The C-terminal WSxWS motif, 
situated between the barrels and shown in Fig. 5B, creates a pocket for cooperative 
binding of cytokine with a secondary binding molecule. 

Figure 6 shows the amino acid alignment of the C-terminal region of human LOX 
and LOX-like proteins. Conserved amino acids in each protein are shaded. Residues 

20 identified with an arrow are important for predicted secondary and tertiary structural 

folds within cytokine receptor proteins. The putative catalytic domain and sequence with 
cytokine receptor homology are boxed. The tyrosine residue within the catalytic domain 
that is involved in the covalent linkage to lysyltyrosine quinone, is highlighted. The 
arrows below the sequence correspond to sequence regions predicted to form p-strands in 

25 LOX, in LOXL, in LOXL2, in LOXL3 and in LOXL4 according to the Network Protein 
Sequence Analysis program (http://pbil.ibcp.fr/). The position of the C-terminal amino 
acid residue in the sequence is indicated on the right of each peptide. 

Figure 7 shows the relative abundance of LOXL3 mRNA in several different 
tissues, illustrated as a densitometry ratio of LOXL3 mRNA and the 2.0kb p-actin 
30 mRNA. Densitometry of autoradiograms was carried out using an AMB1S 4000 scanner. 
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5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the present invention, there are provided substantially purified 
lysyl oxidase-like polypeptides and functional fragments thereof. There is a striking 
conservation in amino acid sequence within the carboxy-terminal end of LOX and 
LOXL, which provides a functional similarity between these two proteins (Kim et al. J. 
10 Biol. Chem. 270: 7176, 1995). This is true for the copper-binding domain (containing 4 
histidines), two metal-binding domains, a cytokine receptor domain, ten cysteines and the 
catalytic domain of lysyl oxidase. It is very likely therefore that LOXL shares a 
functional similarity with the copper-dependent oxidative deamination activity 
characteristic of lysyl oxidase. 

15 The discovery of LOXL and additional lysyl oxidase-like proteins prompts 

reconsideration of the definition of a lysyl oxidase. What are the minimum requirements 
for a novel protein to be classified as part of the family of lysyl oxidase or lysyl oxidase- 
like protein? A database search for homology to conserved LOX and LOXL copper- 
binding domains reveals that none of the other copper-binding proteins contain this 

20 particular consensus sequence (Gacheru et al. J. Biol. Chem. 263: 16704-16708, 1988, 
and 265: 19022-19027, 1990; Krtbsetal Biochem. Biophys. Acta 1202: 7-12, 1993; 
Kosonen et al. Biochem. J. 32: 2283-289, 1997). 

Other copper-binding proteins have distinctly different binding domains for 
copper. Four histidines in the copper binding domains of lysyl oxidases are critical for the 

25 binding of copper. In contrast, within the HAH1 intracellular copper chaperone (Hung et 
al J. Biol. Chem. 273: 1749-1751, 1998) in the copper-transporting ATPase important in 
Menkes disease, two cysteines are the critical amino acids for the formation of a co- 
ordinate copper complex (Vulpe et al Nat. Genet. 3: 7-13, 1993) while in tyrosinase, 
three histidines form a complex with a copper atom (Oetting et al. Pigment Cell Res. 5: 

30 274-278,1992). 
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5 Similarly, the catalytic domain is also highly conserved within lysyl oxidases in 

all species studied so far (human, mouse, rat and chicken; Kim et al. J. Biol. Chem. 270 : 
7176, 1995). This domain is also present in both human and mouse LOXL but is not 
detected in any other known proteins. In contrast, the less defined metal-binding domains 
and the cytokine-binding domain, present in several lysyl oxidases, share homology with 
10 proteins unrelated to lysyl oxidases. These results indicate that LOXL is indeed a protein 
with a possible amine oxidase activity characteristic oflysyl oxidase. 

Therefore, as used herein, lysyl oxidases or lysyl oxidase-like proteins (also can 
be defined as lysyl oxidase-related proteins) are defined as the proteins that contain the 
copper binding domain WEWHSCHQHYHSM (SEQ ID NO: 1 1) with four histidines and 
1 5 the catalytic domain DIDCQWWID1TDVXPGNY (SEQ ID NO: 1 2) containing a critical 
Tvt (Y) that is part of the covalently-bound carbonyl cofactor (Janes et al Biochemistry 
31: 12147, 1992; Kxebs et al. Biochem. Biophys. Acta 1202: 7-12, 1993; Smith-Mungo 
and Kagan, Matrix Biol. J_6: 387-398, 1998). A comparison of these domains within 
different lysyl oxidases is presented in Figure 1 . 

20 As used herein, the abbreviations of LOX refer to a polypeptide or polynucleotide 

oflysyl oxidase; LOXL referes to a first lysyl oxidase-like polypeptide or polynucleotide; 
LOXL2 refers to a second lysyl oxidase-like polypeptide or polynucleotide; LOXL3 
refers to a third lysyl oxidase-like polypeptide or polynucleotide; LOXL4 refers to a 
fourth lysyl oxidase-like polypeptide or polynucleotide, and so on. The term "LOX-like 

25 polypeptides, polynucleotides or gene" used herein is an abbreviation refers to all the 
lysyl oxidase-like polypeptides, polynucleotides or gene including but not limited to 
LOXL, LOXL2, LOXL3 and LOXL4. 

As used herein, the term "polypeptide(s)" refers to any peptide or protein 
comprising two or more amino acids joined to each other by peptide bonds or modified 
30 peptide bonds. "Polypeptide(s) M refers to both short chains, commonly referred to as 
peptides, oligopeptides and oligomers and to longer chains generally referred to as 
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5 proteins. Polypeptides may contain amino acids other than the 20 gene-encoded amino 
acids. "Polypeptide(s)" include those modified either by natural processes, such as 
processing and other post-translational modifications, but also by chemical modification 
techniques. Such modifications are well described in basic texts and in more detailed 
monographs, as well as in a voluminous research literature, and they are well known to 

10 those of skill in the art. It will be appreciated that the same type of modification may be 
present in the same or varying degree at several sites in a given polypeptide. Also, a 
given polypeptide may contain many types of modifications. Modifications can occur 
anywhere in a polypeptide, including the peptide backbone, the amino acid side-chains, 
and the amino or carboxyl termini. Modifications include, for example, acetylation, 

15 acylation, ADP-ribosylation, amidation, covalent attachment of flavin, covalent 
attachment of a heme moiety, covalent attachment of a nucleotide or nucleotide 
derivative, covalent attachment of a lipid or lipid derivative, covalent attachment of 
phosphotidylinositol, cross-linking, cyclization, disulfide bond formation, demethylation, 
formation of cysteine, formation of pyroglutamate, formylation, gamma-carboxylation, 

20 GPI anchor formation, hydroxylation, iodination, methylation, myristoylation, oxidation, 
proteolytic processing, phosphorylation, prenylation, racemization, glycosylation, lipid 
attachment, sulfation, gamma-carboxylation of glutamic acid residues, hydroxylation, 
selenoylation, sulfation and transfer-RNA mediated addition of amino acids to proteins, 
such as arginylation, and ubiquitination. See, for instance: PROTEINS - STRUCTURE 

25 AND MOLECULAR PROPERTIES, 2nd Ed., T. E. Creighton, W. H. Freeman and 
Company, New York, 1993; Wold, F., Postradiational Protein Modifications: 
Perspectives and Prospects, pgs. 1-12 in POSTTRANSLATIONAL COVALENT 
MODIFICATION OF PROTEINS, B. C. Johnson, Ed., Academic Press, New York, 
1983; Seifter et aL, Meth. Enzymol. 182: 626-646, 1990; and Rattan et a/., Protein 

30 Synthesis: Posttranslational Modifications and Aging, Ann. N.Y. Acad. Sci. 663: 48-62, 
1992. Polypeptides may be branched or cyclic, with or without branching. Cyclic, 
branched and branched circular polypeptides may result from post-translational natural 
processes and may be made by entirely synthetic methods, as well. 
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5 As used herein, the term "functional fragment", when used in reference to a 

polypeptide, is a variant polypeptide having an amino acid sequence that is entirely the 
same as part but not all of the amino acid sequence of lysyl oxidase or lysyl oxidase-like 
polypeptide according to the invention. As with LOXL3 or LOXL4 polypeptides, 
fragments may be "free-standing" ("consisting of), or comprised within a larger 
10 polypeptide of which they form a part or region, most preferably as a single continuous 
region in a single larger polypeptide. 

The terms "isolated", and "substantially purified" polypeptides, may be located 
in, grown in, screened in, and selected from libraries using biochemical techniques 
familiar in the art. Such polypeptides may be natural, synthetic or chimeric and may be 
15 extracted using any of a variety of methods, such as antibody immunoprecipitation, other 
"tagging" techniques, conventional chromatography and/or electrophoretic methods. 

As used herein, the term "substantially the same amino acid sequence" refers to 
amino acid sequence having at least about 70% identity with respect to the reference 
sequences, and retaining comparable functional and biological properties characteristic of 
20 the polypeptide defined by the reference sequence. Preferably, polypeptides having 
"substantially the same amino acid sequence" will have at least about 80%, more 
prefereably 90% amino acid identity with resect to the reference amino acid sequence; 
with greater than about 95% amino acid sequence identity being especially preferred. 

In accordance with another aspect of the present invention, there are provided 
25 isolated lysyl oxidase-like polynucleotides. As used herein, the term "polynucleotide(s)" 
generally refers to any polyribonucleotide or poly-deoxyribonucleotide, which may be 
unmodified RNA or DNA or modified RNA or DNA. "Polynucleotide(s)" include, 
without limitation, single- and double-stranded DNA, DNA that is a mixture of single- 
and double-stranded regions or single-, double- and triple-stranded regions, single- and 
30 double-stranded RNA, and RNA that is mixture of single- and double-stranded regions, 
hybrid molecules comprising DNA and RNA that may be single-stranded or, more 
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5 typically, double-stranded, or triple-stranded regions, or a mixture of single- and double- 
stranded regions. In addition, "polynucleotide" as used herein refers to triple-stranded 
regions comprising RNA or DNA or both RNA and DNA. The strands in such regions 
may be from the same molecule or from different molecules. The regions may include all 
of one or more of the molecules, but more typically involve only a region of some of the 

10 molecules. One of the molecules of a triple-helical region often is an oligonucleotide. As 
used herein, the term "polynucleotide(sy' also includes DNAs or RNAs as described 
above that contain one or more modified bases. Thus, DNAs or RNAs with backbones 
modified for stability or for other reasons are "polynucleotide(s)" as that term is intended 
herein. Moreover, DNAs or RNAs comprising unusual bases, such as inosine, or 

15 modified bases, such as tritylated bases, to name just two examples, are also embraced by 
the term polynucleotides as the term is used herein. It will be appreciated that a great 
variety of modifications have been made to DNA and RNA that serve many useful 
purposes known to those of skill in the art. The term "polynucleotide(s)" as it is 
employed herein embraces such chemically, enzymatically or metabolically modified 

20 forms of polynucleotides, as well as the chemical forms of DNA and RNA characteristic 
of viruses and cells, including, for example, simple and complex cells. 
"Polynucieotide(s)" also embraces short polynucleotides often referred to as 
oligonucleotide(s). Polynucleotides can also be DNA and RNA chimeras. 

The term "isolated", when used in reference to a nucleic acid, means that a 
25 naturally occurring sequence has been removed from its normal cellular (e.g., 

chromosomal) environment. The sequence may be in a cell-free solution or placed in a 
different cellular environment. The term does not imply that the sequence is the only 
nucleotide chain present, but that it is essentially free (about 90-95% pure at least) of 
non-nucleotide material naturally associated with it, and thus is distinguished from 
30 isolated chromosomes. The term "isolated" when used in reference to a nucleic acid also 
embraces a nucleic acid molecule being synthesized in a non-natural environment (e.g., 
artificially synthesized). As a result, isolated nucleic acids can be produced in large 
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5 quantities and are useful in ways that natually occurring nucleic acids are not, such as 
identification of selective drugs or compounds. 

As used herein, the term "complementary" when used in reference to a given 
polynucleotide sequence refers to a sequence of nucleotides which can form a double- 
stranded heteroduplex in which every nucleotide in the sequence of nucleotides is base- 
10 paired by hydrogen bonding to a nucleotide opposite it in the heteroduplex with the given 
polynucleotide sequence. The term may refer to a DNA or an RNA sequence that is the 
complement of another RNA or DNA sequence. 

As used herein, the terms "hybridizes" and "hybridization" refer to the formation 
of a hydrogen-bonded heteroduplex between two nucleic acid molecules. Generally, a 
15 given nucleic acid molecule will hybridize with its complement, or with a molecule that 
is sufficiently complementary to the given molecule to permit formation of a hydrogen- 
bonded heteroduplex between the two molecules. 

As used herein, the term "stringent conditions" refers to conditions that permit 
target nucleic acid to bind a complementary nucleic acid that has about 60%, preferably 
20 about 75%, more prefereably about 85%, identity to the target nucleic acid; with greater 
than about 90% identity to target nucleic acid being especially preferred. Stringency 
levels suitable for use to hybridize a given probe with target nucleic acid can be readily 
determined by those of skill in the art. 

As used herein, the term "probe" refers to a polynucleotide of at least 15 
25 nucleotides (nt), 20 nt, 30 nt, 40 nt, 50 nt, 75 nt, 100 nt, 200 nt, 500 nt, 1000 nt, and even 
up to 5000 to 10,000 nt in length. 

In accordance with yet another aspect of the present invention, there are provided 
antibodies against LOX-like polypeptides. As used herein, the term "antibody" is meant 
to encompass constructions using the binding (variable) region of such an antibody, and 
30 other antibody modifications. Thus, an antibody useful in the invention may comprise a 
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5 whole antibody, an antibody fragment, a polyfunctional antibody aggregate, or in general 
a substance comprising one or more specific binding sites from an antibody. The 
antibody fragment may be a fragment such as an Fv, Fab or F(ab*)2 fragment or a 
derivative thereof, such as a single chain Fv fragment. The antibody or antibody fragment 
may be non-recombinant, recombinant or humanized. The antibody may be of an 
10 immunoglobulin isotype, e.g., IgG, IgM, and so forth. In addition, an aggregate, polymer, 
derivative and conjugate of an immunoglobulin or a fragment thereof can be used where 
appropriate. Neutralizing antibodies are especially useful according to the invention for 
diagnostics, therapeutics and methods of drug screening and drug design. 

As used herein, the term "antigenically equivalent derivative(s)" encompasses a 
15 polypeptide, polynucleotide, or the equivalent of either which will be specifically 

recognized by certain antibodies which, when raised against the protein, polypeptide or 
polynucleotide according to the invention, interferes with the immediate physical 
interaction between pathogen and mammalian host. 

As used herein, the term "immunologically equivalent derivative(s)" encompasses 
20 a polypeptide, polynucleotide, or the equivalent of either which when used in a suitable 
formulation to raise antibodies in a vertebrate, results in antibodies that act to interfere 
with the immediate physical interaction between pathogen and mammalian host. 

As used herein, the term "immunospecific" refers to that characteristic of an 
antibody whereby it possesses substantially greater affinity for the polypeptides of the 
25 invention or the polynucleotides of the invention than its affinity for other related 
polypeptides or polynucleotides respectively, particularly those polypeptides and 
polynucleotides in the prior art. 

In accordance with yet another aspect of the present invention, there are provided 
methods for producing LOX-like polypeptides by culturing a host cell containing LOX- 
30 like polynucleotide under conditions suitable for the expression of the polypeptide. As 
used herein, the term "host cell(s)" are cells containing endogenous polynucleotide, or 
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5 cells which have been transformed or transfected, or are capable of transformation or 
transfection by an exogenous polynucleotide sequence. 

As used herein, the term "expression" refers to the process by which sequences 
encoding polypeptides or portions thereof, or polynucleotides, are produced by the host 
cells, or introduced or transformed into a host cell or host cell lysate by vectors 

10 containing sequences of interests for the production of the polynucleotides and 

polypeptides. As used herein, the term "vector" including prokaryotic or eukayotic 
vectors is well-known in the art. Particularly preferred vectors for transfection of 
mammalian cells are cytomegalovirus (CMV) promoter-based vectors and SV40 
promoter-based vectors, and the like. In addition, methods of transforming or transfecting 

15 suitable host cells, as well as methods appliable for culturing said cells containing a gene 
encoding a heterologous proteins, are generally known in the art. 

In accordance with yet another aspect of the present invention, there are provided 
transgenic knockout mice and methods for producing the same. Transgenic knockout 
mice encompassing expression of a selectable marker sequences, are animal models used 

20 for study mechanisms related to disease(s) and disorders). As used herein, the term 
"expression of a selectable marker sequence" means a detectable level expression of a 
selectable marker. A "detectable level" is that level of expression that can be 
differentiated from background expression occurring in the substantial absence of one or 
more factors or conditions necessary for marker expression. Detectable levels will vary 

25 depending upon the nature of the selectable marker, but will generally consist of levels at 
least about 1 0% or more greater than the background level of a selectable marker. 

As used herein, the terms "disease(s)" and "disorder(s)" mean any disease or 
pathological conditions caused by or related to LOX or LOX-like polypeptides or 
polynucleotides, including, for example, a cell proliferation disorder, a cell migration 
30 disorder or a disorder related to extracellular matrix materials. The disorders 

contemplated herein, can be, for example, a skin disorder, a vascular system disorder, a 
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5 skeletal development disorder, a neurological disorder, a hepatic system disorder, a 

copper-related disorder, a pulmonary disorder, cancer, a lathyrism disorder, and the like. 

Transgenic mice produced by the present invention method contain a disruption 
of genes related to LOX or LOX-like polypeptides in their genome. The disruption 
includes an insert or deletion of a transgene containing a selectable marker sequence, 

10 which can result in increase or decrease in the expression of the transgene. The disruption 
can also include a point-mutation of the transgene. As used herein, the term "increase or 
decrease in the expression" refers to a increase or decrease in the expression of a 
selectable marker under one set of conditions relative to the expression under another set 
of reference conditions. The expression of a selectable marker is increased if it is at least 

15 1 0% higher than the level under reference conditions, and preferably 20%, 40%, 50%, 
75%, 90%, 95% or even as much as 100% higher. The expression of a selectable marker 
is decreased if it is at least 10% lower than the level under reference conditions, and 
preferably 20%, 40%, 50%, 75%, 90%, 95% or even as much as 100% lower (i.e., not 
expressed). 

20 In accordance with yet another aspect of the present invention, there are provided 

methods for identifying compound(s) that modulate LOX or LOX-like polypeptide 
activity. A "compound" as used herein, is any compound with a potential to modulate the 
expression or activity of a lysyl oxidase or lysyl oxidase-like polypeptide. Such 
compounds can be LOX and/or LOX-like polypeptide specific agonist(s), antagist(s), 

25 inhibitor(s), or the like. As used herein, the term "agonist(s)" refer to agent(s) or 

compound(s) that enhance or increase the activity of a LOX or LOX-like polypeptide or 
polynucleotide. An agonist may be directly active on a LOX or LOX-like polypeptide or 
polynucleotide, or it may be active on one or more constituents in a pathway that leads to 
enhanced or increased activity of a LOX or LOX-like polypeptide or polynucleotide. On 

30 the other hand, the term "antagonists)" refer to agent(s) or compound(s) that reduce or 
decrease the activity of a LOX or LOX-like polypeptide or polynucleotide. An antagonist 
may be directly active on a LOX or LOX-like polypeptide or polynucleotide, or it may be 
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5 active on one or more constituents in a pathway that leads to reduced or decreased 
activity of a LOX or LOX-like polypeptide or polynucleotide. 

Moreover, the terms "inhibitors)" refer to agent(s) or compound(s) that reduce or 
eliminate the activity or function of a LOX or LOX-like polypeptide or polynucleotide. 
Such reduction or elimination in activity or function also called "inhibition" or 

10 "inhibitory' 1 effect can, for example, be in connection with a cellular component (e.g., an 
enzyme), or in connection with a cellular process (e.g., synthesis of a particular protein), 
or in connection with an overall process of a cell {e.g., cell growth). From a molecular 
standpoint, such inhition effect may equate with a reduction in the level of, or elimination 
of, the transcription and/or translation of a specific target(s), or reduction or elimination 

15 of acvitity of a particular target biomolecule. In the present invention, such inhibition 
may equate with a reduction in the level of, or elimination of, the cellular 
effects/responses, such as amine oxidase activity, mediated by LOX or LOX-like 
polypeptides or polynucleotides. Such inhibition also equates with a reduction in the level 
of, or elimination of, the expression of LOX or LOX-like polypeptides or 

20 polynucleotides. 

As used herein, the term "LOX or LOX-like polypeptide activity" encompasses 
all the physiological and/or phathological effects, or responses, mediated by lysyl oxidase 
polypeptides or lysyl oxidase-like polypeptides. Such effects or responses include, but are 
not limited to, interaction with extracellular matrix materials, mediation of a cell 
25 migration, or proliferation, and metabolism of intracellular, extracellular or membrane 
substrates, and the like. 

As used herein, the term "conditions sufficient to permit said compound to 
interact", when used in reference to a lysyl oxidase or lysyl oxidase-like polypeptide and 
a compound means that the two entities are placed together, whether both in solution or 
30 with one immobilized or restricted in some way and the other in solution, wherein the 
parameters (e.g., salt, detergent, protein or compound concentration, temperature, and 
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5 redox potential, among others) of the solution are such that the LOX or LOX-like 
polypeptide and the compound may physically associate. 

In accordance with yet another aspect of the present invention, there are provided 
methods for treating a disorder associated with abnormal LOX or LOX-like polypeptide 
activity. The abnormal LOX or LOX-like polypeptide activity means increase or decrease 
10 in activity. As used herein, the term "increase in activity" refers to an enhanced level of 
measurable activity of a polypeptide relative to the measurable level of activity in a 
control. Activity is considered increased according to the invention if it is at least 10% 
greater, 20% greater, 50% greater, 75% greater, 100% greater or more, up to 2-fold, 5- 
fold, 10- fold, 20-fold, 50-fold, 100-fold or more than in a control. 

15 As used herein, the term "decrease in activity" refers to a reduced level of 

measurable activity of a polypeptide relative to the measurable level of activity in a 
control. Activity is considered decreased according to the invention if it is at least 10% 
less, preferably 15% less, 20% less, 50% less, 75% less, or even 100% less (i.e., no 
activity) than that observed in a control. 

20 The present invention method of treating a subject having disorder(s) related to 

abnormal level of LOX or LOX-like polypeptide activity comprises administering the 
subject a therapeutically effective amount of a compound that modulates the LOX or 
LOX-like polypeptide activity. As used herein, the term "therapeutically effective amount 
of a compound" indicates an amount of an agent which has a therapeutic effect. Further, 

25 as used herein, a therapeutically effective amount means an amount of an agent that 
produces the desired therapeutic effect as judged by clinical trial results and/or animal 
models. This amount can be routinely determined by one skilled in the art and will vary 
depending on several factors. 

In accordance with yet another aspect of the present invention, there are provided 
30 methods of diagnosis of a subject having or at risk of having deseases or disorders related 
to abnormal levels or activities of LOX or LOX-like polypeptides. The method comprises 
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detecting a difference in levels or activities of LOX or LOX-like polypeptide in a 
suspected subject relative to a normal subject. The difference is an indication of LOX or 
LOX-like polypeptide related desease(s) or disorder(s), which are defined above. As used 
herein, the term "difference" means that the levels or the activities, or both, are lower or 
higher in a suspected subject than those in a normal subject. 

In one embodiment of the present invention, it is demonstrated that four or more 
different LOX-like genes: LOXL, LOXL2, LOXL3 and LOXL4 exist. In accordance of 
the invention, experiments have been designed to find cDNA and genomic sequences that 
encode regions homologous to the LOX copper binding and catalytic domains. A 
database protein homology search (Human Genome Sciences Inc.) identified three human 
cDNA clones, one of which had homology to lysyl oxidase. Using PCR primers derived 
from this cDNA sequence, 16 additional cDNAs were isolated from a spleen cDNA 
library and two PAC recombinants containing overlapping human genomic DNA, were 
also obtained. These clones were used to further characterize the putative lysyl oxidase- 
like protein. A full length cDNA sequence was established by DNA sequence analysis of 
several overlapping cDNA clones. An open reading frame of 3198 bp was identified that 
encoded the conserved copper-binding region, the catalytic domain and carbonyl co factor 
and cytokine binding domains previously identified in LOX and LOXL (Jourdan-Le Saux 
et al J. Biol. Chem. 274: (18) 12939-12944, 1999). This cDNA encodes another lysyl 
oxidase protein that was called LOXL2 (Figure 1), 

An EST (expressed sequence tag) database 
( http://www.ncbi. nlm.nih.Kov/dbEST/index. html ) was screened for sequence homology 
to both the highly conserved copper binding site and the catalytic domains observed in 
LOX, LOXL and LOXL2. More than 1,000 lysyl oxidase-homologous EST entries were 
identified, 500 of these were cDNAs obtained from brain tissue libraries. A BLAST 
search of these EST sequences identified 21 unique and novel cDNAs. Several of these 
human cDNA clones were sequenced. Two of them clearly corresponded to LOXL2 
cDNAs. In addition, five EST cDNAs contained overlapping sequences and were 
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5 obtained from a mixed cDNA library of fetal heart, pregnant uterus and melanocytes and 
cDNA libraries derived from prostate and brain mRNA. Sequence analysis of these 
cDNAs identified a copper binding site and the characteristic catalytic domain of lysyl 
oxidase. Full length cDNA sequence was generated from sequenced 5'-end clones that 
were isolated from brain and placenta cDNA libraries. These cDNAs encode a novel 
10 lysyl oxidase variant that is referred to as LOXL3, which represents the fourth member of 
the lysyl oxidase family (Figure 1). A brain specific EST search yielded a further 
additional member of the lysyl oxidase family, known as LOXL4. Sequence analysis of 
the cDNA of LOXL4 reveals a copper binding site and high level of homology to the 
catalytic domain common to lysyl oxidases. 

15 Additional, non-overlapping cDNAs that were identified from brain cDNA 

libraries, encoded the characteristic conserved copper-binding and catalytic domains, 
indicating that other members of the LOX family exist. 

In another embodiment of the present invention, the structures and the 
chromosomal locations of LOXL2, LOXL3 and LOXL4 have been identified. A 

20 thorough analysis of two overlapping PAC recombinants containing the LOXL2 gene 

identified a gene of 1 1 exons encoding the complete LOXL2 mRNA (Jourdan-Le Saux et 
al J. Biol. Chem. 274(18) 12939-12944, 1999). Five of these exons encode the conserved 
copper-binding, carbonyl cofactor and cytokine binding sites shared by the LOX and 
LOXL genes. One PAC recombinant contained the complete LOXL3 gene having 14 

25 extrons and 13 introns. Only three of the fourteen LOXL exons encode the conserved 
domains and there is significant sequence and structure divergence relative to other 
members of the LOX family within the eight 5 '-end exons of this gene (Figure 2). The 
chromosomal localizations of several LOX genes are as follows: LOX maps to 
chromosome 5q23, LOXL maps to chromosome 15q23, LOXL2 maps to chromosome 

30 8p21 (Jourdan-Le Saux et al. Genomics 2: 305-307, 1998; Jang et al Genome Res. 9: 53- 
61, 1999), LOXL3 maps to chromosome 2pl3 and LOXL4 maps to chromosome 10q24. 
Loss of these chromosome regions may contribute to malignant progression, such as loss 
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5 of 10q24 region may contribute to muscle-invasive bladder cancers and high grade 
transitional cell carcinomas of the bladder and upper urinary tract (Cappellen et al. 
Oncogene J_4: 3059-3066, 1997), as well as advanced tumor stage in prostatic cancer 
progression (Alera et al. Lab Invest, 80L/ 931-942, 2000). 

The exon-intron structure of the LOX and LOXL genes (Boyd et al. Mol. Biol 

10 Rep. 21: 95-103, 1995; Kim et al J. Biol. Chem. 270: 7176, 1995) is illustrated in Figure 
2 with the structure of the LOXL2 and LOXL3 genes that were determined by PCR, long 
range PCR and DNA sequence analysis of overlapping PAC clones obtained from 
Genome Systems, Inc (Jourdan-Le Saux et al. J. Bio. Chem. 274 (18): 12939-12944, 
1999). These PAC recombinants were identified using LOXL2 and LOXL3 specific PCR 

15 generated probes. Exon-specific primers were used to PCR amplify both exon and intron 
sequences. DNA sequence analysis of these PCR products facilitated the design of intron- 
specific primers that permitted the sequence identification of all exon intron boundaries, 
complete exon sequences and intron sequence surrounding each exon. Intron sizes were 
determined from either complete sequencing or deduced from the length of PCR products 

20 using primers derived from flanking exons. Exons encoding conserved domains 

comprises: LOX: exons 2, 3, 4, 5 and 6; LOXL: exons 2, 3, 4, 5 and 6; LOXL2: exons 6, 
7, 8, 9 and 10; LOXL3: exons 9, 10 and 11; LOXL4: exons 9, 10, 11, and 12; exons 
encoding nonconserved domains comprises: LOX: exon 1, LOXL: exon 1; LOXL2: 
exons 1, 2, 3, 4 and 5; LOXL3: exons 1, 2, 3, 4, 5, 6, 7, 8 and 12; LOXL4: exons 1, 2, 3, 

25 4, 5, 6, 7 and 8; and the exons containing the 3'UTR comprises: LOX: exon 7; LOXL: 
exon 7; LOXL2: exon 1 1; LOXL3: exon 13; LOXL4: exon 13. No significant 
conservation of sequence within the 3'UTR was noted among the genes. 

cDNA sequences encoding LOXL2 (SEQ ID NO:5), LOXL3 (SEQ ID NO:7), 
and LOXL4 (partial; SEQ ID NO:9) and the predicted amino acid sequences LOXL2 
30 (SEQ ID NO:6); LOXL3 (SEQ ID NO:8) and LOXL4 (partial sequence; SEQ ID NO: 10) 
are presented herein. 
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5 In another embodiment of the present invention, the molecular structure of LOX 

and LOX-like proteins are determined. Based upon sequence and gene structure 
similarities, there seems to be a close evolutionary relationship between the LOX and 
LOXL genes and the LOXL2 and LOXL3 genes. It is possible that at least part of the 
LOX, LOXL, LOXL2 and LOXL3 genes share a common ancestor as the exons encoding 
10 the functional domains of the mature protein remain closely homologous in sequence and 
size. In contrast, exons encoding the 5' and 3' untranslated regions and the amino-terminal 
coding domains of these proteins have diverged significantly in sequence and size (Figure 
3). LOXL4 also appears to share a close evolutionary relationship with other LOXL 
genes, particularly LOXL3, based on sequence similarity. 

15 The evolutionary distance among various members of the lysyl oxidase family 

reveal significant structural and functional relationships. There is significant evolutionary 
divergence at the amino-terminal end of the LOX proteins. The potential nuclear 
localization signal described by Kagan and co-workers (Li etal. Proc. Natl. Acad. Sci. 
USA 94: 12817-12822, 1997) is present in LOX, LOXL and LOXL3 but not in LOXL2, 

20 providing that although LOXL2 can have an intracellular location, it appears to be 
transported by a different mechanism. 

In another embodiment of the present invention, the catalytic activities of the 
invention proteins are tested. According to the molecular structures of the invention 
proteins, two domains are conserved, in addition to the copper binding site. These are the 

25 catalytic domain and the cytokine/chemokine binding domain. While the catalytic 

function of LOX is well understood, at least within the extracellular matrix, the role of 
the cytokine binding domain within the LOX proteins is unknown. It has been tested 
whether the catalytic domain present in the LOXL proteins reflects function similar to the 
cross-linking activity of LOX. While the results indicate differences in substrate 

30 specificity (Kim et at J. Cell Biochem. 72: 181-188, 1998), it is not clear whether the 
catalytic activity of LOXL is different to LOX. 
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5 To explore the possibility that LOXL will catalyze the oxidative deamination of 

lysyl residues, the cross-linking activity of the LOXL protein on an elastin substrate was 
tested. It was reported that the significant cross-linking activity for a bovine aorta-derived 
LOXL was detected. This activity was previously described for LOX only and was 
inhibited by a known and specific LOX cross-linking activity inhibitor, P-amino 
10 proprionitrile (pAPN) (Figure 4). These in vitro results indicate that both LOX and 

LOXL can catalyze the oxidative deamination of lysine residues in an elastin substrate. 
While this finding does not address whether LOX and LOXL specifically utilize an 
elastin substrate, it does indicate that all lysyl oxidases, including LOXL2, LOXL3 and 
LOXL4, can exhibit this PAPN inhibitable catalytic activity. 

15 In accordance with the present invention, it has been discovered a cytokine 

binding domain that overlaps with the catalytic domain in the invention proteins. The C- 
terminal region of human LOX and LOX-like proteins contains sequence homology with 
the N-terminal extracellular domain of the growth factor and cytokine receptor 
superfamily that overlaps the catalytic site (Figure 5). The consensus sequence found in 

20 the N-terminal modules of Class I receptors, C-X 9 -C-X-W-X 26 -32-C X10-13-C (SEQ ID 
NO: 13) (where C is cysteine, W is tryptophan and X, is a defined number of any amino 
acid) is conserved in human LOX and LOX-like proteins (Kim et al. J. Biol. Chem. 270 : 
7176, 1995). Furthermore, the first 13 residues fit the Prosite pattern PS00241, C- 
[LVDYR]-X(7,8)-[STIVDN]-C-X-W (SEQ ID NO: 14), found in cytokine receptors, 

25 where amino acid residues in [ ] indicate the presence of residues but not in any particular 
sequence and numbers in ( ) indicate the number of consecutive residues. Examples of 
proteins in this class include erythropoietin receptor, granulocyte colony-stimulating 
factor receptor, granulocyte-macrophage colony-stimulating factor receptor alpha chain, 
growth hormone receptor, thrombopoeitin receptor, and various interleukin receptor 

30 chains (Miyajima et al. AM. Rev. Immunol. IQ: 295-331, 1992). Structural analysis of 
such receptors provides that they are related to immunoglobulin constant domains and 
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5 evolved from primitive fibronectin type III sequence modules that are also common to 
various adhesion molecules (Bazan, Proc. Natl. Acad. Sci. 87: 6934-6938, 1990). 

Three-dimensional crystallographic analysis of the cytokine receptors provides 
that the N-terminal extracellular domain forms two barrel-shaped modules, each 
consisting of six or seven P-strands (Bazan, Proc. Natl. Acad. Sci. 87: 6934-6938 1990; 

10 see Fig. 5). Cytokines are presumed to bind into the groove created by a kink between 
these two modules. Based on this model the C-terminal region of human LOX and LOX- 
like proteins lacks sequence corresponding to the C-terminal "barrel" module. The LOX 
and LOX-like proteins contain cysteine and tryptophan residues at conserved positions 
within the first four and five P-strands that form the N-terminal barrel module (Figure 5, 

15 strands A-E). 

Despite these sequence differences, secondary structure analysis predicts that p~ 
strands are formed (Figure 6) and this region of the LOX and LOX-like proteins can fold 
in a similar manner. The putative catalytic domain is within this module and it is 
plausible that this ancient structure contributes to defining the active site. 

20 In accordance with another aspect of the invention, it has been discovered that the 

catalytic site is embedded within a larger partial cytokine binding domain in LOX and 
LOX-like proteins. Predicted p-strand structure within this larger domain indicates 
similar secondary structure for LOX and LOXL that differs only in one p-strand. This 
difference can define a different catalytic site within these proteins and can result in 

25 different substrate specificity for LOX and LOXL. The secondary structure analysis of 
LOXL2 and LOXL3 predicts four p-strands in both proteins and consequently a different 
structure within the catalytic and cytokine domains. The presence of the partial cytokine 
binding site overlapping the catalytic site raises the possibility that the LOX proteins can 
fulfill biological roles different from the catalytic function reported for LOX and LOXL. 

30 Evidence for such roles comes from the work of Lazarus (Matrix Biol. 14: 727-73 1, 
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5 1994) who showed a potential role for LOX that involved the active site in leukocyte 
motility. 

In another embodiment of the present invention, differential expression of the 
LOX and LOX-like genes in specific tissue and cellular localizations have been observed. 
An overlap in the patterns of appearance of LOX and LOXL mRNAs in different tissues 

10 has been demonstrated (Kim et al. J. Biol. Chem. 270: 71 76, 1995). RNA from adult 
human heart, placenta, lung and kidney contain abundant quantities of both LOX and 
LOXL mRNAs. The tissue distribution of the LOXL2 mRNA is, however, strikingly 
different from the mRNAs encoding both LOX and LOXL. Low levels of the 3.6 kb 
LOXL2 mRNA were noted in heart, lung and kidney but in abundant levels in the 

15 placenta, the uterus and the prostate. Quantitative analysis of LOXL2 mRNA in 16 

different human tissues relative to p-actin mRNA has recently been reported (Jourdan Le- 
Saux. et al. J. Biol. Chem. 274 (18): 12939-12944, 1999). A similar analysis of LOXL3 
mRNA levels revealed steady state message at higher levels in uterus, testis, colon and 
spleen (Figure 7). Longer exposure of the Northern blots detected low levels of the 3.1 kb 

20 LOXL3 mRNA in placenta, prostate and heart. The Northern blot analysis of LOX and 
LOX-like mRNAs provides an insight into the expression profiles of the LOX and LOX- 
like genes in many human tissues. It also provides a complex expression pattern and a 
great variation in mRNA levels for each LOX-like gene in different tissues. The LOX 
and LOXL genes appear to be expressed in most tissues, while the expression of the 

25 LOXL2 and LOXL3 genes is more restricted. LOXL4 mRNA is expressed in the testes, 
smooth muscle cells and pancreas. For example a 3.5kb mRNA encoding by the LOXL4 
gene is detected using Northern blot analysis in MB-231 invasive breast cancer cells, 
human osteosarcoma, HeLa and PC-3 metastatic prostate carcinoma cells. 

In another embodiment of the present invention, it has been discovered that the 
30 LOXL2 gene is specifically expressed by trophoblasts in the placenta. Using in situ 

hybridizations, it has been established that the highest fetal level of LOXL2 is detected in 
placental tissue while no LOXL2 is detected in any other cells in fetal membranes. In the 
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5 placenta, positive autoradiographic signals are associated with syncytial and 

cytotrophoblasts which appear to be responsible for the synthesis of LOXL2 mKNA in 
placental tissue. These findings are consistent with an earlier description of a protein that 
had been identified in the placenta with LOX activity but which was, however, different 
from LOX (Kuivaniemi et al. J. Biol. Chenr 259: 6996-7002, 1984). Moreover, while 

10 LOX has been shown to be present in the amnion, one of three components that make up 
the fetal membranes (Casey & MacDonald, J. Clin. Endocrin. Metab. 82: 167-172, 1997), 
LOXL2 mRNA is not detected in fetal membranes. In contrast, LOXL2 mRNA is 
synthesized by trophoblasts and is present in regions of the placenta where the LOX 
mRNA does not appear. These in situ hybridization data provide that LOXL2 mRNA 

15 appears at non-overlapping locations with LOX mRNA and is localized to the placental 
cytotrophoblasts that lay down a basement membrane. The trophoblastic basement 
membrane separates these cells from the villous stroma. Localization of LOXL2 mRNA 
with basement membrane synthesizing cells provides the possibility that LOXL2 can be 
associated with basement membrane. Subsequent immuno-histology using LOXL2 

20 antibody on skin and brain sections confirmed such an association. 

In accordance with another embodiment of the present invention, LOX and 
LOXL2 have been detected in different areas of the skin. Immunohistochemistry of 
mouse skin using LOX and LOXL2 specific antibodies shows general distribution of the 
LOX proteins in regions of the epidermis where fibrillar collagens and elastin are known 
25 to be deposited. In contrast, LOXL2 is detected in areas where LOX does not appear. 
These areas are around cells that deposit basement membrane, the epithelial cells of the 
dermis, at the outer sheath layer of the hair follicles that is continuous with the epithelial 
cell layer of the dermis, and around the skeletal muscle cells. 

LOX and LOXL specific antibodies have been used in several studies (Decitre et 
30 al. Lab. Invest. 78: 143-151, 1998). The design and generation of a LOXL2 and/or other 
LOX-like specific antibodies are described in detail hereafter (see Example 4 below). 
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5 In accordance with another embodiment of the present invention, it has also been 

discovered that LOX, LOXL and LOXL2 are present in different regions of the 
developing mouse brain. It has been reported that LOX and LOXL2 mRNAs are not co- 
incident in the same cells in the placenta. Moreover, the LOX and LOXL2 proteins are 
located within different regions of mouse skin. The independent location of LOX and 
10 LOXL2 provides different functions for these two proteins. To further explore the spatial 
separation of LOX and LOXL2 the distribution of LOX and LOXL2 in the developing 
mouse brain is also analyzed. 

In accordance with the invention, it has been possible to identify temporally and 
spatially divergent expression for some of the LOX genes during embryonic 

15 development. Immunohistochemistry of 9 and 15 day old mouse embryos using LOX, 
LOXL and LOXL2-specific antibodies, detects abundant amounts of all three proteins in 
the heart, lung and around the neural tube of the developing embryo. Even though the 
expression of the LOX and LOXL genes in brain as detected by Northern analysis is low, 
the distribution of each LOX protein is strikingly different. The LOXL2 protein is 

20 detected in areas in the brain of the 15 day old mouse embryos limited to the ependymal 
cell layer lining of the ventricles, the small blood vessels within the choroid plexus and 
cerebrum and the mesenchymal cells surrounding the neural tube (destined to form the 
meningeal membranes). These connective tissue areas also stain with a known 
extracellular matrix protein, laminin (Thomas and Dziadek, Exp. Cell Res. 20: 854-67, 

25 1993; Villanova et al J. Submicrosc. Cytol. Pathol. 29: 409-413, 1997). Since the 

mesenchymal cells are of neuroepithelial origin, the detection of LOXL2 in this cell layer 
is in good agreement with the identification of one of the LOXL2 ESTs in a 
neuroepithelial cell cDNA library. LOX, in contrast, is found only at three distinct 
locations: in the secretory surface of ependymal cells of the choroid plexus, within the 

30 cerebellar folia and deep cerebellar nuclei associated with neurofibers, and within the 
molecular layer of the dentate gyrus of the hippocampus. 
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5 Observations from Northern analysis of tissues of the central nervous system 

indicate that LOXL3 is expressed at yet other distinct areas: in the frontal lobe, medulla, 
and spinal cord. However, the precise distribution of LOXL3 within these brain sections 
can only be assessed once the immuno-localization of LOXL3 is completed. 

The appearance of LOX within the extracellular matrix of the cerebellum and 
10 hippocampus, most likely synthesized by astrocytes, is consistent with the description of 
an extracellular localization for LOX. However, both LOX and LOXL can also detected 
inside neurons where these amine oxidases have the potential to act upon such substrates 
as dopamine and serotonine and play an important role in the function of the central 
nervous system. Moreover, the presence of LOXL2 around small blood vessels of the 
15 choroid plexus and blood vessels in the cerebellum coincides with the presence of 

epithelial cells, endothelial cells and importantly, the basement membrane that these cells 
synthesize and contributes to the integrity and function of the cerebrovascular system. 

Therefore, in accordance with the present invention, LOX and LOXL2 have been 
detected in several tissues (placenta, skin, and central nervous system) in distinctly 
20 different regions, apparently synthesized by different cell types. LOX, LOXL and 

LOXL2 all seem to be associated with components of the extracellular matrix. LOXL2, 
however, is consistently associated with cells active in the assembly of basement 
membrane. 

In another embodiment of the present invention, a comparison of the hydropathy 
25 plots for LOX, LOXL, LOXL2, LOXL3 and LOXL4 confirms the presence of the signal 

peptide at the amino terminus of all LOX-like proteins (Trackman et at J. Biol. Chem. 

267 : 8666-8671, 1992; Kagan et al. J. Cell. Biochem. 58: 1-10, 1995; Li etal. Proc. Natl. 

Acad. Sci. USA 94: 12817-12822, 1997). A more detailed immuno-histologic analysis of 

LOX, LOXL and LOXL2 localization in human dermal fibroblasts in culture, provides 
30 secretion of LOX into the extracellular matrix and localizes the LOXL2 protein 

associated with the cell membrane. The LOX and LOXL2 immuno-staining of dermal 
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5 fibroblasts reveals LOX and LOXL2 within the transport vesicles, within channels of the 
endoplasmic reticulum and a plasma membrane localization for LOXL2 while LOX and 
LOXL are not detected associated with the cell membrane. All the LOX-like proteins are 
also detected within the nuclei of cultured cells to varying degrees. 

To further explore the observed membrane-associated localization of LOXL2, the 
10 LOXL2 amino acid sequence has been analyzed. Two sequence motifs that are known to 
be present in the extra-cellular domains common in trans-membrane cell surface 
receptors are detected at the amino terminal end of the protein as well as within LOXL3 
and LOXL4. Moreover, these sequence motifs, the Scavenger Receptor Cysteine Rich 
(SRCR) motifs, are absent in LOX and LOXL. 

15 Both LOXL2 and LOXL3 have all the critical amino acids within the long 

extracellular SRCR consensus sequence motif GAY IGE GRV EVL KNG EWG TVC 
DDK WDL VSA SVV GRE LG (SEQ ID NO: 15). For LOXL2, this sequence is between 
amino acids 130-167 and for LOXL3 between amino acids 312-349. There is a similarly 
strong homology to the short extracellular SRCR motif CSHSQDAGVRC (SEQ ID 

20 NO: 16), both in LOXL2, LOXL3 and LOXL4. These sequence motifs are only present in 
cell surface receptors such as T-cell differentiation antigen, CD-6 precursor, macrophage 
scavenger receptor, MS RE and the speract receptor, SPER (Aruffo et al J. Exp. Med. 
174 : 949-952, 1991). 

The invention will now be described in greater detail by reference to the 
25 following non-limiting examples. 

EXAMPLE 1 

Isolation of a cDNA encoding human LOXL3 and LOXL4 

The mouse lor-2 cDNA sequence (AF053368, Jang et al. Genomics 2: 305-307, 
1999) was used to search a human EST database by the BLASTN search program 
30 ( http://www.ncbi. nlm.nih.gov/cgi bin/BLAST) . Three overlapping ESTs (AI752772, 
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5 AA852888 and R55706) in Genbank database having significant homology to the lor-2 
cDNA were identified. Complete DNA sequencing of this contig was performed using 
AB1 BigDye terminator cycle sequence with an ABI310 automated DNA sequencer as 
described by the manufacturer. The assembled contig (submitted to GenBank under 
accession number AF31 13 13) has 3121 nucleotides, containing an open reading frame 

10 (ORF) of 2262 nucleotides encoding a putative polypeptide of 754 amino acids with a 
predicted molecular mass of 83 kD. Within the 787 base long 3' -untranslated sequence 
three AU-rich sequence elements are present, which are usually found within the 3' 
trailer region of unstable mRNAs (Lewin, Genes, Oxford University Press, Oxford, 
1997). The conserved C-terminal region shows 62% nucleic acid identity to LOX. The 

15 deduced amino acid sequence contains a signal peptide sequence indicating the 

extracellular location of this protein. The five predicted N-glycosylation sites are found 
throughout the protein at amino acid positions 111, 266, 339, 481 and 625. In contrast, 
the N-glycosylation sites in LOX at amino acid positions 81, 97 and 144 are all within the 
pro-peptide domain and are not present within the active LOX. 

20 The putative polypeptide encoded by the cDNA contig presents all structural 

characteristics of the LOX enzyme family. The copper-binding site with 4 histidyl 
residues (WVWHECHGHYHSM (SEQ ID NO: 17) is at amino acid positions 601-612. 
Though all four histidyl residues are conserved, three amino acid differences are noted 
from the LOX and LOXL copper-binding sites (WEWHSCHQHYHSM (SEQ ID NO:l 1) 

25 (Figure 1). Lysyl (Lys 639 ) and tyrosyl (Tyr 670 ) residues corresponding to residues of the 
lysyl tyrosyl-quinone co-factor (Lys 314 and Tyr 349 ) are also present (Figure 1). The C- 
terminal region displays significant sequence homology to the extracellular domain of 
members of the growth factor and cytokine receptor superfamily. This cytokine receptor- 
like motif (residues 666-727) overlaps with the conserved active site as in the LOX, 

30 LOXL and LOXL2 proteins (Kim et al. J. Biol. Chem. 270: 7176, 1995). Moreover, four 
Scavenger Receptor Cystein-Rich (SRCR) domains (Resnick et al TIBS 19: 5-8, 1994) 
are also found in the N-terminal region of the protein using the MOTIF software 
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5 (hppt://www. motif. genome. ad.jp) at amino acid positions 44-144, 186-281, 307-407 and 
417-526 (Figure 1). Based on these characteristics with members of the LOX family, this 
cDNA is refered to as a human LOXL3. 

The procollagen C-proteinase/BMF-1 cleavage site, GDD, described with LOX 
(Panchenko et al J. Biol. Chem. 271 : 7113-71 19, 1996), is also found at amino acid 

10 position 446-448 of the LOXL3 protein. If proteolytic processing of LOXL3 occurs at 
this position, the predicted size of the cleaved product would be 306 amino acids in 
length with a molecular mass of 35 kD. This putative BMP- 1 -processed LOXL3 would 
not contain any of the SRCR motifs. However, the copper binding-site, the lysyl and 
tyrosyl residues, and the conserved sequence motifs surrounding these sites, will be 

15 retained in this cleaved form and can confer copper-dependent amine oxidase activity to 
LOXL3. 

A brain specific EST search yielded an additional clone. Sequence analysis of the 
cDNA reveals a copper binding site and high level of homology to the catalytic domain 
common to LOX. This clone is referred to as LOXL4. The full length coding sequence of 
20 LOXL4 was amplified from placental RNA. The sequence was confirmed using a 
chromosome 10 genomic clone that was also used to determine the gene structure of 
LOXL4 and assign the gene locus to 10q24. 

EXAMPLE 2 

Chromosome assignment and genomic organization of LOXL3 and LOXL4 

25 A full-length LOXL3 cDNA sequence was used to search the non-repetitive 

human genomic sequence database at GenBank by the BLASTN search program. 
Alignment analysis between the cDNA and genomic sequence was performed to 
determine the boundaries of exons and introns. Chromosomal localization is determined 
by radiation hybrid mapping. Basically, a human BAC clone bac91al9 (AC006544) was 

30 identified using the entire LOXL3 cDNA sequence. This clone has been mapped to 

chromosome 2pl3. In addition, the LOXL3 cDNA matches with 100% identity with the 
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5 coding regions of two other overlapping human genomic sequence entries (AC005033 
and AC005041) which have also been mapped to chromosome 2pl3.3. Therefore, the 
chromosome location of the human LOXL3 gene is mapped to the 13.3 region of the 
short arm of chromosome 2 (Figure 2). Using the same method, LOXL4, on the other 
hand, is mapped to chromosome 10q24 region. 

10 An alignment between the LOXL3 cDNA and the genomic sequences provides 

that the LOXL3 gene spans about 21 kb of genomic DNA and contains 14 exons and 13 
introns. Three of the 14 exons encode the conserved amino oxidase domains (Figure 2). 
Significant sequence and structural divergences from the other LOX-like genes are found 
within the first eight exons of this gene, 

15 The 3' end of the LOXL3 gene overlaps with the Htr A2 serine protease gene. 

The BLASTN analysis reveals a complete sequence identity between the 3' end of the 
human LOXL3 cDNA and three nuclear serine protease cDNAs (AF141305, AF141306 
and AF141307) known to be involved in mammalian stress response (Gray et al. Eur. J. 
Biochem. 267: 5699-5710, 2000). These cDNAs are splice variant transcripts of the 

20 human Htr hi gene, which has also been mapped to chromosome 2pl3. The 3' end of the 
LOXL3 cDNA is found to overlap by 359 nucleotides with the HtrA2 serine protease 
cDNA (AF141305), by 357 nucleotides with HtrA2-p7 splice variant (AF141306) and by 
497 nucleotides with splice variant HtrA2-p4 (AF141307). The overlapping region 
includes the last 165 coding nucleotides and the 3'UTR for the HtrA2 serine protease 

25 gene and the last 503 nucleotides of the 3'UTR of the LOXL3 gene. The LOXL4 gene 
has a very similar structure to LOXL3; out of the 13 exons, four encode the conserved 
domains. 



BNSDOCID <WO 01B3702A2 I > 



WO 01/83702 PCT/L S0 1/14472 

39 

5 EXAMPLE 3 

Tissue specific expression of the LQXL3 and LOXL4 gene 

Expression of LOXL3 and LOXL4 genes is examined by Northern blot analysis. 
Two Multiple Tissue Northern (MTN) blots (Clontech Laboratories, Palo Alto, CA) 
containing two ug aliquots of size-separated poly(A+) RNA obtained from 16 human 

10 adult tissues are used. Each MTN blot was prehybridized for 4h. at 42°C in 10 ml of 
Hybrisol II (Oncor, Gaithersburg, MD). Hybridization, using P-labeled cDNAs 
prepared by random primer labeling, were carried out in 7.5 ml of Hybrisol II at 42°C for 
12 h. After washing blots twice in 2XSSC, 0.5% SDS at room temperature and twice in 
0.1XSSC, 0.1% SDS at 50°C and exposed to Kodak Biomax film for 12 h. at -70°C, the 

15 blots were stripped and reprobed with a radiolabeled p-actin cDNA. The specific activity 
of the radiolabeled cDNA probes used was 5x 1 0 9 dpm/ug. The relative abundance of 
LOXL3 and LOXL4 mRNAs in these tissues is presented as a densitometric ratio of 
LOXL3 or LOXL4 mRNA and the p-actin mRNA. Densitometry of autoradiograms was 
carried out using an AMBIS 4000 scanner. 

20 Northern blot analysis provides an approximately 3.1 kb LOXL3 mRNA in all 

tissues examined. The size of the LOXL3 mRNA determined by the Northern blot 
analysis is consistent with the length of the cDNA sequence (3121 nucleotides). High 
levels of LOXL3 expression were found in uterus, testis, colon and spleen (Figure 7). 
Longer exposure detected low levels of LOXL3 expression in placenta, prostate and 

25 heart. Northern blot analysis also reveals the expression of LOXL3 mRNA in neurons, 
leukoccytes and brain. In subsequent Northern blot analysis of sections of the central 
nervous system, low levels of LOXL3 mRNA were detected in almost all sections. The 
highest levels of expression were found in spinal cord and medulla. 

LOXL4 mRNA is expressed at low levels in most tissues except testes, smooth 
30 muscle and pancreas. The expression of LOXL4 is also detected in the metastatic and 
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5 invasive breast carcinoma cell line MB-231 and in metastatic prostate carcinoma cell line 
PC-3, while no expression of LOXL4 is detected in the non-metastatic, non-invasive 
breast carcinoma cell lines MCF-7 and T47D. These results demonstrate that LOXL4, 
like LOX, is up-regulated in association with the metastatic phenotype described in breast 
cancer (Kirschmann et at. Breast Cancer Research and Treatment 55: 127-136, 1999). 

10 EXAMPLE 4 

Antibodies for LOX-like polypeptides, for example, antibodies specific for LOX, 
LOXLL LOXL2. LQXL3 and LQXL4 

Human antibodies are generated against divergent domains from LOX, LOXL 
and LOXL2 that do not exhibit any obvious antigenic cross-reactivity. Moreover, these 
15 antibodies all specifically react with the mouse homologues of LOX, LOXL and LOXL2 
and can be used to analyze LOX, LOXL and LOXL2 localization in both human and 
mouse tissue. 

A region of human LOXL3 and LOXL4 cDNAs, divergent between different 
LOXLs, but highly conserved between human and mouse can be cloned, expressed and 
20 used to generate a LOXL3 or LOXL4 specific antibody. 

To generate the polyclonal LOXL3 and LOXL4 antibodies, the custom peptide 
and antisera service provided by Genosys are used. The derived, unique LOXL3 or 
LOXL4 peptide sequence is provided to Genosys and the LOXL3 or LOXL4 specific 
peptide synthesized and HPLC purified and then conjugated to either keyhole limpet 
25 hemocyanin or BSA, using water soluble carbodiimide. The conjugates are purified by 
gel filtration, freeze-dried, reconstituted in water, mixed with Freund's adjuvant and 
injected subcutaneously into rabbits at multiple sites. After continued injections every 14 
days, the pre-immune serum and immune sera are obtained after 49, 63 and 77 days from 
the first injection of the conjugate. 
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5 Strategies and methods described herein are also applied for making antibodies 

specific for other LOX-like polypeptides. 

EXAMPLE 5 

Characteristics of LOX and LOXL as secreted extracellular matrix proteins having amine 
oxidase activities specific for certain fibrillar collagens and elastin 

10 The experiments covered by this example include, but are not limited to 1) 

determination of the relative temporal and spatial localization of LOX and LOXL during 
the development of liver fibrosis and during aorta development and identification of cells 
within these tissues responsible for the synthesis of these proteins; 2) determination of 
co-localization of LOX and LOXL with type I and type III collagens during the 

15 development of liver fibrosis and co-localization of LOX and LOXL with adventitial 
collagen fibrils and elastin in the developing aorta; and 3) determination of the in vitro 
catalytic activity of LOX and LOXL using type I and type III collagen specific peptide 
substrates and elastin. Similar strategies and methods are also applied for evaluation of 
other LOX-like polypeptide. 

20 The methods for performing these experiments are described in detail as follows. 

Standard techniques, such as DNA sequencing, Southern, Northern and Western blot 
analysis, DNA cloning, nucleic acid radiolabeling and cell culture techniques are used as 
described, for example in Maniatis et al Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, New York, 1982; Sambrook et al 

25 Molecular Cloning: A Laboratory Manual (2 ed.), Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, New York, 1989; Davis et al Basic Methods in Molecular Biology, 
Elsevier Science Publishing, Inc., New York, 1986 and other publications. 

Tissue specimens: A mouse model for liver fibrosis is used. This model was 
developed in adult mice following repeated intraperitoneal injections of carbon 
30 tetrachloride (Kim et al J. Cell. Biochem. 72: 181-188, 1998). To analyze LOX and 
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5 LOXL accumulation in the developing aorta, normal adult mice are bred and the aortic 
tissue obtained from prenatal animals at 15 days of gestation, newborn mice at 3, 6 and 
12 weeks of age. It is known that elastin synthesis in the aorta is initiated in late prenatal 
development and terminates in early adulthood. Therefore, to analyze LOX and LOXL 
coincident with elastin synthesis during aortic development, it is necessary to cover these 

10 developmental ages. 

Immunohistochemistry of the LOX gene products: Freshly isolated tissue sections 
are fixed overnight in 4% paraformaldehyde at room temperature then embedded in 
paraffin. Cut sections are mounted on glass slides and rehydrated by rinsing in xylene, 
100% ethanol, 95% ethanol and 70% ethanol. After 30 min incubation in TBS (Tris 

15 buffered saline) and a 5 min incubation in water, the endogenous peroxidase activity is 
blocked with 3% hydrogen peroxide. The sections are then digested with Trypsin for 20 
min at 37°C and the non-specific tissue sites blocked using 1% normal rabbit serum in 
TBS for 30 min and Power Block (BioGenex) for 10 min. After 2 washes in TBSBSA, 
slides are incubated with appropriately diluted primary antibodies overnight at 4°C. 

20 Antibody binding is detected using a biotinylated anti-rabbit immunglobulin linker and 
peroxidase-conjugated streptavidin label and visualized with diamobenzidine (DAB) as 
chromogene (BioGenex). After washing in TBS and water, the sections are 
counterstained with Mayer's hematoxylin. 

Confocal microscopy analysis: Methods can be used basically as described, 
25 Fibroblasts are grown in subconfluent cultures and fixed in either 100% methanol for 5 
min (to visualize transport vesicles) or in 3% paraformaldehyde in the presence of NP40 
for 30 min (to visualize the endoplasmic reticulum), or in 100% methanol for 30 min at - 
20 °C (to visualize the cell surface). Following washes in PBS, cells are incubated with 
LOX and LOXL2 or LOXL3 or LOXL4 specific antibodies (1:100 dilution for 1 hour). A 
30 secondary goat anti-rabbit flurescein conjugated antibody is applied at 1 :200 dilution for 
1 hour. 
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5 In situ hybridization: Methods are used as described by Bogie et al., (J. Clin. 

Endo. Metab. 80: 130-137, 1995) and have been successfully used to detect LOXL2 
mRNA in the placenta (Jourdan-Le Saux et al. J. Biol. Chem. 274 (18): 12939-12944, 
1999). Such methods can also be used to detect other LOX-like mRNAs. 

FLAG-labeled LOXand LOXL expression constructs: Full length cDNAs for both 
10 LOX and LOXL are constructed and inserted into the expression vectors ZeoSV2 (uses 
an SV40 promoter) and pcDNA 3.1 (contains the CMV promoter). A PCR-based 
procedure can be used to add the FLAG coding sequence and a stop codon as an in-frame 
insertion 3' of the LOX and LOXL cDNA coding sequence and 5' of the BGH 3'UTR. 
Following sequence confirmation, LOXL recombinants are transiently transfected into 
15 HeLa cells and fibroblasts using lipofectamine. It has been shown that too high a level of 
expression of either LOX or LOXL can lead to growth arrest of transfected cells. In 
general, the CMV promoter can usually direct the expression of much higher levels of 
recombinant protein than the SV40 promoter. Therefore, these promoters can be tested to 
determine appropriate expression levels of LOX and LOXL protein without inhibiting, to 
20 any significant extent, the growth of transfected cells. 

Immunogold labeling and electron microscopy'. Indirect immunogold labeling and 
transmission electron microscopy can be used for the specific extracellular, intracellular 
and nuclear localization of the LOX proteins. Mouse tissue sections are dissected into 1 
mm 3 pieces and fixed in 4% paraformaldehyde in 0.1 M Sorensen's buffer, pH 7.4 for 4-6 

25 hrs at 4°C. After several changes of Sorensen's buffer, the tissue is placed in 20 mM Tris- 
HC1, pH 8.0 and treated with 6 M guanidine-hydrochloride, rinsed in Tris buffer and 
retreated with 100 mM iodoacetamide. The tissue is then washed in several changes of 
Sorensen's buffer containing 4% sucrose and left overnight at 4°C. The next day, the 
tissues are dehydrated in a graded series of methanol at progressively lower temperatures 

30 to -20°C and finally embedded in Lowicryl K4M at 35°C. Lowicryl blocks are 

polymerized by UV illumination for 24 hrs at -34°C and an additional 48 hrs at -10°C. 
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5 Lowicryl thin sections are cut and placed on formvar coated nickel grids and 

incubated face-down on drops of blocking solution that comprise 50 mM Tris-HCl, pH 
6.0, 100 mM NaCl and 1% BSA. After 15 min, grids are transferred to drops of primary 
antibody diluted in blocking solution and left overnight in a humidity chamber at 4°C. 
After exposure to the primary antibody, the grids are washed 3 times for 10 min each, on 

10 wells containing 50 mM Tris-HCl, pH 6.0 with 100 x nM NaCl and 0.1%Tween-20. 
Grids are then incubated on blocking solution for 15 min prior to being transferred to 
drops of goat anti-rabbit IgG conjugated to 10 nm colloidal gold diluted to 1% in 
blocking solution. After a 1 h exposure to this secondary antibody, grids are washed as 
described before exposure to the primary antibody and rinsed 3 times for 5 min each in 

15 distilled water. Immunolabeled sections are counter-stained with methanolic uranyl 
acetate followed by lead citrate and viewed at various magnifications in a Zeiss 10/A 
transmission electron microscope. 

Immunopurification of the LOXL proteins: The expressed LOX and LOXL 
proteins can be tested for activity in the media and in the cell extract. HeLa cells are lysed 

20 as described by Garell (Method. Enzymol. UK): 41 1-413, 1983). Media and cell lysates 
are applied onto immunoadsorbent columns. The immunoadsorbent is made using an 
anti-FLAG antibody conjugated to agarose beads as described (Decitre et al. Lab. Invest. 
78: 143-151, 1998). To bind the expressed LOX proteins to the immobilized FLAG 
antibody, agarose beads are equilibrated in TBE buffer (50 mh4 Tris-HCl, pH 8.0, 1 50 

25 mM NaCl, 5 mM EDTA). The crude HeLa cell extract containing the overexpressed 

FLAG-tagged LOX proteins is dialyzed against the same TBE buffer and mixed with the 
agarose beads for 1 6 hrs at 4°C The mixture can be subsequently prepared in a column 
and washed with TBE. The immunoadsorbed FLAG-LOXL is then eluted with a solution 
of 0.2 M glycine, pH 2,8 and collected in a neutralizing buffer (1 M Tris-HCl, pH 8.0). 

30 Catalytic activity assay: The immunopurified LOX and LOXL proteins can be 

assayed for catalytic activity by the method described (Gacheru et al. J. Cell. Biochem. 
65: 395-407, 1997). A recombinant tropoelastin substrate is prepared and biosynthetically 
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labelled with [4,5- 3 H]-L-lysine as described (Bedeli-Hogan et al. J. Biol. Che, 268 : 
■10345-10350, 1993). Aliquots of the immunopurified LOX proteins are incubated for 2 h 
at 37°C with 125,000 cpm of the tritium-iabelled tropoelastin substrate in assays brought 
to a final volume of 800 ul with 100 mM sodium borate, 150 mM NaCl, pH 8.0. Tritiated 
water released during the incubation as a result of LOX and LOXL enzymatic activity is 
isolated by distillation in vacuo and quantified by liquid scintillation counting. 

In collagen types I and III, LOX derived oxidation is restricted to the single 
lysine, in the N- and C- telopeptide, non-triple helical sequences. In the N-terminal 
telopeptides the consensus sequence is X-Asp-J-Lys-Z (SEQ ID NO:l 8) (X: Tyr or Phe; 
J: variable). To test LOX and LOXL activity towards these collagen substrates the 
corresponding N-terminal synthetic peptides can be synthesized and assayed by a 
continuous fluorescent method (Trackman et al. Anal. Biochem. 1J_3: 336-342, 1981) and 
expressed as a ratio of Kcat/Km (min"'; mM' 1 ) (Kagan et al. In: Molecular Biology and 
Pathology of Elastic Tissue, (Editors: Mecham and Roberts), Ciba Foundation 
Symposium Series, 1994). 

Control samples can be enzyme extracts incubated in the presence of P- 
aminoproprionitrile. Activities can be calculated as pAPN- inhibitable counts of tritium 
released using this specific inhibitor of lysyl oxidase (Kagan et al. In: Molecular Biology 
and Pathology of Elastic Tissue, (Editors: Mecham RP. and Roberts L., Ciba Foundation 
Symposium Series, 1994). Activity measurement can be done in at least three 
independent experiments. 

LOX and LOXL are secreted proteins deposited in the extracellular matrix and 
responsible for cross-linking different extracellular matrix proteins (Kim et al. J. Cell. 
Biochem 2: 181-188, 1998). A mouse model of carbon tetrachloride induced liver fibrosis 
has been used to demonstrate increased LOX mRNA levels coincident with increased 
levels of pro-alpha 1 (I) collagen mRNA, while increased LOXL mRNA levels are 
coincident with increased levels of pro-alpha 1 (III) collagen mRNA during the 
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5 development of liver fibrosis. It has been determined that the LOXL gene and the gene 
encoding pro-alpha 1 (III) collagen are coordinately regulated and moreover, can 
facilitate the availability of LOXL for crosslinking of type III collagen during the 
deposition of fibrillar collagen in the fibrotic liver. Similarly, the coordinate expression of 
the LOX gene and a type I collagen gene indicates that LOX is the extacellular amine 
10 oxidase specifically required for crosslinking type I collagen. The appearance of LOX 
and LOXL and collagen type I and III in the extracellular matrix is determined using 
immunostaining and confocal microscopy and immunogold labeling and electron 
microscopy. It has been determined that LOXL is largely associated with type III 
collagen fibrils and LOX associated with collagen type I fibers. 

15 There is no significant amount of elastin deposited during the development of 

liver fibrosis. In order to determine if LOX and/or LOXL are also responsible for the 
formation of the desmosine crosslinks in the developing elastic fiber, LOX and LOXL are 
studied in the developing mouse aorta. It is known that elastin synthesis in the developing 
aortic wall is largely confined to the smooth muscle cells of the media. The outer 

20 adventitial layer of the arterial wall contains fibroblasts that are responsible for the 

synthesis of both type I and type III collagen. The deposition of LOX has been detected 
in an adult mouse aorta at the inner adventitial layer of the aortic wall. Moreover, further 
expression studies, a detailed immunohistochemical analysis, together with confocal and 
immunogold electron microscopy can determine if LOX crosslinks type I collagen, where 

25 LOXL appears in the developing aorta and whether either LOX or LOXL is responsible 
for crosslinking tropoelastin in the media. 

For expression and co-localization studies, LOX and LOXL specific antibodies 
and antibodies specific to type I and III collagen are used to identify possible co- 
localization of these proteins. Furthermore, the in situ hybridization identifies the cells 
30 responsible for the synthesis of mRNAs encoding LOX and LOXL during the 

development of liver fibrosis and in the developing aorta. An elastin antibody is used to 
study colocalization of insoluble elastin with either LOX or LOXL. 
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5 Furthermore, the catalytic function of LOX and LOXL is analyzed using elastin 

as a substrate and peptides specific to type I and type III collagen. Differences in the 
catalytic activity of LOX have been shown when presented with different lysine- 
containing peptides (Kagan et al., In: Molecular Biology and Pathology of Elastic Tissue, 
(Editors: Mecham and Roberts), Ciba Foundation Symposium Series, 1994). The 

10 potential substrate specificity for LOX and LOXL can be confirmed by demonstrating 
different Km values using lysine containing peptides from either type I or type III 
collagen, known to be involved in lysyl oxidase catalyzed cross-linking. In these catalytic 
assays, recombinant LOX and LOXL are used. Such recombinant LOX and LOXL are 
expressed from cDNA constructs that have been transfected into HeLa cells and 

15 immunopurified. These constructs can also have the FLAG epitope inserted at the C- 
terminus of both LOX and LOXL. Both the LOX and LOXL cDNAs encode the full 
length proteins. It has been shown that the catalytically active form of LOX is a 32 kD 
secreted protein produced by HeLa cells. LOXL, on the other hand, has been determined 
to be an extracellular matrix protein. Western blot analysis of tissue extracts of LOXL 

20 has revealed several proteins of different sizes, including a 33 kD polypeptide that the 
cDNA sequence can predict to be the secreted, active protein (Decitre et al. Lab. Invest. 
78: 143-151, 1998). Therefore, the catalytically active of LOXL can be present in the 
media of transfected HeLa cell cultures. 

Moreover, the activity of LOXL in the cell fractions, as well as in the media, are 
25 also measured. The presence of the FLAG label, the anti-FLAG antibody, together with 
LOXL specific antibody, can be employed to monitor LOXL processing and transport, 
and further determine the secreted active form of LOXL. 

Full length LOX and LOXL expression constructs have been transfected into 
HeLa and ST6 fibroblasts, and the recombinant proteins can be detected using the anti- 
30 FLAG antibody. Furthermore, it has been established that the expressed LOX and LOXL 
are enzymatically active, confirming that the addition of the FLAG peptide at the C- 
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5 terminal end, closes to the catalytic site, does not interfere with the activity of LOX and 
LOXL. 

Based on the differences in expression pattern, localization and on secondary 
structure predictions for the active sites, LOX and LOXL are believed to be extracellular 
matrix enzymes, that demonstrate different spatial and temporal expression patterns in 
10 cells and tissues with different extracellular substrate specificities. The studies on cell and 
tissue localization, co-localization with substrates and catalytic activity measurements on 
substrates, establish that LOX and LOXL have, indeed, different substrate specificity and 
preferred substrates. 

It has also been determined that LOX and LOXL, rather than acting as separate 
15 amine oxidases, can act as synergistic isoforms of lysyl oxidase. The synergism of LOX 
and LOXL is determined using the recombinant LOX and LOXL expressed in HeLa cells 
together or in different ratios with different substrates. It has also been determined that 
during development, one of the LOX genes is expressed earlier, or is adapted to provide a 
rapid response to environmental changes, through different gene activation mechanisms, 
20 while the other LOX gene is expressed constitutively, to provide stable steady state levels 
for the corresponding mRNA, further providing insight into the developmental ly 
determined differences in LOX and LOXL gene expression. It has also been identified 
that LOX and LOXL can also differ in other aspects such as the stability of the mRNAs 
encoding these proteins. As individually acting amine oxidases, or isoforms acting 
25 together, the results from the experments described here provide further insight into the 
mechanism of action of these two extracellular matrix lysyl oxidases in the assembly of 
fibrillar collagen and elastin. 
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5 EXAMPLE 6 

LOXL2. LOXL3 and LOXL4 are membrane associated proteins 

In initial experiments, it was shown that tissue expression of LOXL2 mRNA 
occurs in a wide range of tissues. As for the cell source, it shows trophoblasts that 
synthesize LOXL2 mRNA in the placenta. 

10 Within tissues, LOXL2 protein appears around epithelial cells and endothelial 

cells in skin, in blood vessels, in hair follicles, in skeletal muscle and brain at sites where 
basement membrane is deposited. Furthermore, the immune-localization results show that 
LOXL2 can associate with the cell membrane. The detection of LOXL2 protein associatd 
with membrane may be the result of LOXL2 binding to a cell surface protein, receptor or 

1 5 structural protein(s) of the basement membrane. 

Immunoprecipitation of the cell membrane fraction using LOXL2 antibodies is 
also performed and detects cell membrane associated LOXL2. Furthermore, in order to 
provide an in vivo correlation with results in intact tissue, the membrane associated 
localization of LOXL2 is also determined as a feature of cultured endothelial and/or 
20 epithelial cells by using either cultured endothelial or epithelial cells. 

Based on the highly conserved domain structure, including the N-terminal SRCR 
domain, and the C-terminal catalytic and cytokine binding domains within LOXL3 and 
LOXL4 , it can be demonstrated that LOXL3 and LOXL4, like LOXL2, are membrane- 
associated proteins. Immune-localization of LOXL3 and LOXL4 proteins using specific 
25 antibodies in tissues, in fibroblasts and in endothelial cells can also be performed. Tissue 
distribution can be used to establish the presence of LOXL3 and LOXL4 relative to 
LOXL2 and the membrane associated localization of same based on domain homology. 

LOXL3 and LOXL4 specific antibodies are designed against a region encoded by 
the human LOXL3 and LOXL4 cDNAs that have no homology to the other LOX-like 
30 proteins. Such antibodies are designed to domains of LOXL3 and LOXL4 that are highly 
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5 conserved between human and mouse, based on EST derived mouse LOXL3 and LOXL4 
cDNA sequence analysis. Description of the LOXL3 and LOXL4 antibody generation is 
provided above. 

A yeast two hybrid system is used to identify processing and activating agents, 
receptors, cell surface proteins, structural elements of the extracellular matrix and 
10 intracellular and intranuclear proteins that interact with either the cytokine binding C- 
terminal domain, the catalytic site and/or the N-terminal domain of LOX and LOXL, 
including the SRCR domains within LOXL2, LOXL3 and LOXL4. 

Methods used for establishing that LOXL2, LOXL3 and LOXL4 are membrane 
associated proteins are described in detail below. Description of antibodies and 
15 imrnunohistology techniques are described above in EXAMPLE 5 section. 

Membrane fraction immuno-precipitation: Normal HeLa cells or fibroblasts are 
unlabeled or radiolabeled with appropriate amino acids for 24-48 hours. Cells are then 
harvested and a membrane fraction is prepared as described (Wrenn et a!. J. Biol. Chem. 
238 : 2280-2284, 1998). Immunoprecipitation is performed as described (Privitera et al J. 

20 Biol. Chem. 273: 6319-6326, 1998). Briefly: 1 volume of membrane fraction is mixed in 
2 volumes of IP buffer (0.3 ml NP-40, 0.3 g sodium deoxycholate, 20 mg sodium azide, 
0.2 g bovine serum albumin, added to 100 ml of 10 mM tris-buffered saline [TBS] at pH 
7.4), incubated for 1 hour at 4°C with 1/2 volume of normal rabbit serum and then, for 30 
minutes, with two volumes of Protein A Sepharose beads (0.1 ml beads/ml buffer) to 

25 remove any unspecific immuno-complexes. The suspension is then centrifuged in a 
desktop microcentrifuge at 3000 rprn for 5 minutes and the supernatants used for 
immunoprecipitation. Aliquots of supernatants are incubated at 4°C with a polyclonal 
anti-LOX2, anti-LOXL3, or anti-LOXL4 antibody (2 pg/pl) for 2 hours. Two volumes of 
Protein A beads are subsequently added to the mixtures and incubated at 4°C for 1 hour 

30 with shaking. The tubes are then centrifuged for 10 minutes at 3000 rprn. The supernatant 
is removed and the pellet washed 3 times in IP buffer. The pellet is resuspended in an 
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5 appropriate volume of sample buffer, boiled for 5 minutes, resolved by 10% SDS-PAGE 
and stained with Silver Nitrate or Coommassie blue. Radiolabeled immunoprecipitated 
LOX2, LOXL3 or LOXL4 is detected by autoradiography. 

Immunostaining of non-permeabilized cells: Cell cultures are washed in cold 
(4°C) PBS and then fixed in 0.5% paraformaldehyde (in PBS, pH adjusted to 7.4), 

10 washed in PBS (2x5 min) and blocked in 1% Bovine Serum Albumin (BSA in PBS)for 
30 min. Antibody (anti-LOXL2, anti-LOXL3 or anti-LOXL4) is diluted 1 :200 in PBS 
containing 0.1% BSA for 1 hour at room temperature. Cells are washed, 3x5 min in PBS 
with 0.1% BSA. A goat anti rabbit second antibody is added GAR-F1TC diluted 1:100 in 
PBS containing 0.1% BSA for 1 hour in room temperature and washed, 2x5 min in PBS 

15 and mounted in Elvanol. 

Immunostaining of cell ghosts: Cells in culture are washed in cold (4°C) PBS, 2x5 
min and then incubated for 2 x 10 min in cold distilled water (this procedure will cause 
rupture of cell membranes). Cells are then fixed in 100% methanol and 3% 
paraformaldehyde, washed in PBS (2x5 min) and blocked in 1% Bovine Serum 
20 Albumin (BSA in PBS) for 30 min. First antibody is applied, (anti-LOXL2, LOXL3 or 
LOXL4) diluted 1 :200 in PBS containing 0. 1 % BSA for 1 hour at room temperature. 
Cells are washed 3x5 min in PBS with 0.1 % BSA, the second antibody is applied (Goat 
anti Rabbit) GAR-FITC diluted 1 :100 in PBS containing 0.1 % BSA for 1 hour at room 
temperature. Cells are washed 2x5 min in PBS and mounted in Elvanol. 

25 EXAMPLE 7 

Substrate activity and structure- function relationship of LOXL2, LOXL3 and LQXL4 

In particular, this example describes an in vitro measurement of amine oxidase 
activity of immunopurified LOXL2 on synthetic peptide substrates. Such amine oxidase 
activity is shown to be inhibited by PAPN. Moreover, this example also describes the 
30 possibility that LOXL2 in cells that synthesize basement meembrane is functionally 
associated with basement membrane collagen type IV or other components of the 
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5 basement membrane, and further demonstrates that LOXL2 is structurally associated with 
the basement membrane and has a role in cell attachment. 

A further aspect is that the N-terminal SPERACT/SRCR domains, the catalytic 
site and the overlapping cytokine binding site (that is actually a primitive fibronectin 
binding domain) within LOXL2, LOX3 and LOXL4 either directly {e.g., through their 

10 amine oxidase activity, by crosslinking collagen type IV or other components of the 
extrcellular matrix or baement membrane) or indirectly (e.g., through protein-protein 
interaction involving the cytokine binding site) fulfill significant functions in the 
assembly, structure or function of the basement membrane and/or the extrcellular matrix. 
Furthermore, one of these activities is the mechanistic basis for the reported role of 

15 LOXL2 in cell adhesion and the observed alterations in LOXL3 and LOXL4 expression 
observed in matastatic tumor cells. 

The preliminary results provide evidence that LOXL2 is synthesized by cells that 
produce basement membrane and that LOXL2 appears in tissues co-localized with 
basement membrane. The overlapping catalytic and cytokine binding domains may have 
20 mutually exclusive functions. Thus, protein interactions at these sites can influence the 
conformation of LOXL2, LOXL3 and LOXL4 proteins and expose either the cytokine 
binding domain or the catalytric domain, and consequently play a direct role in cell 
adhesion or in substrate activation by LOXL2, LOXL3 and LOXL4. 

In order to show that the catalytic domain of LOXL2, LOXL3 and LOXL4 is 
25 functional, the amine oxidase activity of these LOX-like proteins is measured on lysyl 
containing synthetic peptide substrate described by Kagan et al. (In: Molecular Biology 
and Pathology of Elastic Tissue, (Editors: Mecham and Roberts), Ciba Foundation 
Symposium Series, 1994). A full length LOXL2, or LOXL3 or LOXL4 cDNA is 
transfected in HeLa, CHO or embryonic kidney cells. The LOX-like proteins expressed 
30 in these cells are immuno-purified and isolated for use in activity assays. The detailed 
description of the activity assays is described in EXAMPLE 5. 
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5 It is also shown, by conformational analysis, that PAPN effectively inhibits the 

amine oxidase activity of these LOX-like proteins. These data provide further 
information on the conformation of the LOXL2, LOXL3 and LOXL4 catalytic sites. 

Moreover, co-localizations suggest that the L0XL2 protein is the lysyl oxidase 
responsible for cross-linking collagen type IV. 

10 Furthermore, the co-localization of the LOXL2 protein with the basement 

membrane components is detected using immunolabeling, confocal microscopy and 
immunogold labeling and electron microscopy on tissue sections. The data establish that 
LOXL2 directly binds to components of the basement membrane or to other extracellular 
proteins through the fibronectin type adhesive domain in LOXL2 that is known to fulfill a 

15 similar function in various adhesion proteins. 

The experimental design to measure amine oxidase activity, the synthetic peptide 
substrates and the use of these peptide substrates in catalytic assays are described in 
EXAMPLES 5 and 6. Similarly, for immunopurification of LOXL2, isolation of the 
membrane bound LOXL2, immunostaining, immunogold labeling, confocal and electron 
20 microscopy are also described in EXAMPLE 5. 

pAPN inhibition: The method used for determining the inhibition of amine 
oxidase activity of LOXL2 by LOX inhibitors, such as PAPN, phenylhydrazine, 
ethylendiamine, and diethyldithiocarbamate was described in detail by Tang et aL, ( 
Connect. Tissue Res. 19: 93-103, 1989), and Kagan et aL y In: Molecular Biology and 
25 Pathology of Elastic Tissue, (Editors: Mecham and Roberts), Ciba Foundation 

Symposium Series, (1994). These assays are performed in triplicate as described in 
EXAMPLE 5. 

LOXL2, LOXL3 and LOXL4 expression constructs: Generation of the LOXL2, 
LOXL3 and LOXL4 expression constructs have been described in EXAMPLE 5. The 
30 FLAG and GFP labels, expression vectors, transfections and cell expression constructs 
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5 have also been described earlier. LOXL2, LOXL3 and LOXL4 can be synthesized as a 
prepro- enzymes, similarly to LOX. Though the BMP1 processing site involving in the 
steps leading to LOX activation is present only within LOXL2, the other LOX-like 
proteins can be processed and activated by similar mechanisms. Indeed, Western blots of 
tissue and cell extracts using LOXL and LOXL2 antibodies detect several bands 

10 corresponding to these processed forms. LOXL2, LOXL3 or LOXL4 can be isolated 

using the 2M urea extraction method (Kagan et al In: Molecular Biology and Pathology 
of Elastic Tissue, (Editors: Mecham and Roberts), Ciba Foundation Symposium Series, 
1994) either from cell extracts, membrane fractions or cell culture media. Alternatively, a 
variety of detergents and previously described extraction procedures for membrane bound 

15 or membrane associated proteins can also be used for isolation of these proteins. 

Immunohistochemistry: LOXL2, LOXL3 and LOXL4 specific antibodies and 
commercially available antibodies can be used to detect LOXL2, LOXL3 and LOXL4 
and other laminin, collagen type FV and other extracellular matrix proteins, cell surface 
receptors, cellular and nuclear proteins that interact with LOX or the LOX-like amine 
20 oxidses. The detailed method for making LOXL2, LOXL3 and LOXL4 specific 
antibodies has been described in EXAMPLE 5. 

Collagen type IV isolation: HT-1080 tumor cells can be used to generate labeled 
collagen type IV for the LOXL2 amine oxidase assays. These cells were successfully 
used earlier to describe the post-translational modifications in collagen type IV by lysyl 

25 hydroxylase. It has been reported that these cells secrete soluble collagen type IV into the 
medium. In contrast, Collagen type I and type III pro-collagens are not produced by these 
cells (Alitalo et al. Eur. J. Biochem. 109: 247-255, 1980). It has been determined 
interactions between the 7s domain of collagen type IV and LOXL2. Such interactions 
indicate that LOXL2 can stabilize the 7s domain of collagen type IV by lysine-derived 

30 cross-links (Kuhn et al., FEBS Lett. 125: 123-128, 1981). 
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5 It has been established that free and/or membrane-associated L0XL2 has amine 

oxidase activity and that this activity is different from the catalytic activity of LOX due to 
structural differences between the two proteins. Furthermore, it has been established that 
in LOXL2, LOXL3 and LOXL4, the conformation of the cytokine binding domain can 
allow this domain to be involved in protein-protein interactions. These interactions can 
10 involve components of the basement membrane indicating the mechanistic basis for the 
reported LOXL2 function in cell adhesion or contribute to defining the specificity of 
substrate binding (Saito et al. J. Biol. Chem. 272: 8157-8160, 1997). Alternatively, the N- 
terminal SRCR domains play a role in protein interactions and consequently contribute to 
the cell adhesion function of the LOX-Iike proteins. 

15 The catalytic domain in lysyl oxidases is embedded within a larger cytokine 

binding domain described by Kim et ai s ( J. Biol. Chem. 270 : 7176, 1995). The amino 
acids of the catalytic domain are strictly conserved in all LOX-like proteins, but there is 
divergence in the cytokine binding sites between LOX, LOXL, LOXL2, LOXL3 and 
LOXL4. While the catalytic site and its function, at least in LOX, is well characterized, 

20 these experiments provide insight into the role of the cytokine binding site of the LOX- 
like proteins. 

The presence of the SRCR domains within LOXL2, LOXL3 and LOXL4 is a 
feature that distinguishes these LOX-like proteins from LOX and LOXL and establishes 
the novel function for these proteins. In vivo, LOXL2 has been detected to be associated 
25 with epidermal and endothelial cells. The membrane associated localization of LOXL2 
has also been observed in cultured fibroblasts. The understanding of molecular and 
cellular processes associated with the membrane localization of LOXL2 has also been 
advanced. 

Earlier studies have demonstrated that LOX has amine oxidase activity on a broad 
30 range of substrates including elastin, fibrillar collagens and lysine donors such as histone 
HI. It has been established that crosslinking activity is a common feature of the conserved 
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5 catalytic domain of the LOX and LOX-like proteins, such as LOXL2, LOXL3 and 
LOXL4. Amine oxidase activity of LOXL2 is inhibited by (3APN, a well established 
specific inhibitor of LOX, has the same CH 3 -C-(NH 2 )-terrninal group as the lysyl residue 
in some of the LOX substrates, but through its highly reactive nitril group, covalently 
reacts with neighboring residues irreversibly inhibiting LOX activity. Because of the 

10 small size of (3APN molecule, it can only occupy the catalytic site without interfering 
with other regions of the cytokine domain. Therefore, the efficiency of pAPN inhibition 
can provide additional information on the actual conformation of the active site in 
LOXL2 and indicate how this catalytic site is different from that of LOX. The absence or 
decrease of (3APN inhibition could be a strong indication of a variation in conformation 

15 within the active site of LOXL2 and consequently of different substrates or different 
functions for LOXL2. 

It has been established that the catalytic and the cytokine binding-adhesive 
domains overlap and may function in a mutually exclusive manner. Once a substrate is 
bound to the active pocket, the larger adhesive domain is not accessible for interactions, 

20 or vice versa, interactions of the adhesive site with a structural protein can mask the 
catalytic site. The amine oxidase assays or the interacting protein co-localizations 
experiments can determine if LOXL2 is both active as a catalyst and as an adhesive 
protein. Furthermore, it can be determined whether membrane binding of LOXL2 is 
direct or indirect in its effect on either the catalytic or adhesive function. It can also be 

25 determined whether these functions are mutually exclusive and how these functions relate 
to the basement membrane and consequently, describe a mechanistic basis of the reported 
cell adhesion function of LOXL2. 

While the invention has been described in detail with reference to certain 
preferred embodiments thereof, it will be understood that modifications and variations are 
30 within the spirit and scope of that which is described and claimed. 
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5 SUMMARY OF SEQUENCES 

Sequence ID NO:l is the nucleic acid sequence of a cDNA encoding a human- 
derived LOX. 

Sequence ID NO:2 is the deduced amino acid sequence of a cDNA encoding a 
10 human-derived LOX set forth in Sequence ID No. 1. 

Sequence ID NO:3 is the nucleic acid sequence of a cDNA encoding a human- 
derived LOXL. 

Sequence ID NO:4 is the deduced amino acid sequence of a cDNA encoding a 
human-derived LOXL set forth in Sequence ID No. 3. 

15 Sequence ID NO: 5 is the nucleic acid sequence of a cDNA encoding a human- 

derived LOXL2. 

Sequence ID NO:6 is the deduced amino acid sequence of a cDNA encoding a 
human-derived LOXL2 set forth in Sequence ID No. 5. 

Sequence ID NO:7 is the nucleic acid sequence of a cDNA encoding a human- 
20 derived LOXL3. 

Sequence ID NO: 8 is the deduced amino acid sequence of a cDNA encoding a 
human-derived LOXL3 set forth in Sequence ID No. 7. 

Sequence ID NO:9 is the nucleic acid sequence of a cDNA encoding a human- 
derived LOXL4. 

25 Sequence ID NO: 1 0 is the deduced amino acid sequence of a cDNA encoding a 

human-derived LOXL4 set forth in Sequence ID No. 9. 
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5 Sequence ID NO: 1 1 is the amino acid sequence of the copper binding domain of 

LOX or LOX-like polypeptide. 

Sequence ID NO: 12 is the amino acid sequence of the catalytic domain of LOX or 
LOX-like polypeptide. 

Sequence ID NO: 13 is the consensus sequence in the N-terminal modules of class 
10 I cytokine receptors. 

Sequence ID NO: 14 is the first 13 residues fit the Prosite pattern PS00241 of 
cytokine receptors. 

Sequence ID NO: 15 is the long extracellular SRCRconsensus sequence motif. 

Sequence ID NO: 16 is the short extracellular SRCR motif. 

15 Sequence ID NO: 1 7 is the amino acid sequence of the copper-binding domain of 

LOXL3 polypeptide. 

Sequence ID NO: 18 is the consensus sequence in the N-terminal telopeptides. 



20 
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5 What is claimed is: 

1. A substantially purified lysyl oxidase-like polypeptide encoded by a 
polynucleotide selected from the group consisting of: 

(a) SEQ ID NO:7 or SEQ ID NO:7 wherein T can also be U, and nucleic acid 
sequences complementary thereto; 

10 (b) fragments of (a) that are at least 15 bases in length and that will hybridize 

under stringent conditions to polynucleotide sequence of SEQ ID NO:7; 

(c) SEQ ID NO:9 or SEQ ID NO:9 wherein T can also be U, and nucleic acid 
sequences complementary thereto; and 

(d) fragments of (c) that are at least 15 bases in length and that will hybridize 
15 under stringent conditions to polynucleotide sequence of SEQ ID NO:9. 

2. The polypeptide of claim 1 having an amino acid sequence substantially the same 
as set forth in SEQ ID NO:8 (LOXL3). 

3. The polypeptide of claim 1 having an amino acid sequence of SEQ ED NO:8 
(LOXL3). 

20 4. The polypeptide of claim 1 having an amino acid sequence substantially the same 
as set forth in SEQ ID NO: 10 (LOXL4). 

5. The polypeptide of claim 1 having an amino acid sequence of SEQ ID NO: 10 
(LOXL4). 
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5 6. An isolated polynucleotide selected from the group consisting of: 

(a) SEQ ID NO:7 or SEQ ID NO: 7 wherein T can also be U, and nucleic acid 
sequences complementary thereto; 

(b) fragments of (a) that are at least 1 5 bases in length and that will hybridize 
under stringent conditions to polynucleotide sequence of SEQ ID NO: 7; 

10 (c) SEQ ID NO:9 or SEQ ID NO:9 wherein T can also be U, and nucleic acid 

sequences complementary thereto; and 

(d) fragments of (c) that are at least 1 5 bases in length and that will hybridize 
under stringent conditions to polynucleotide sequence of SEQ ID NO:9. 

7. The isolated polynucleotide of claim 6 encoding a lysyl oxidase-like polypeptide 
15 having an amino acid sequence substantially the same as set forth in SEQ ID NO:8 or 

SEQ ID NO: 10. 

8. The isolated polynucleotide of claim 7, wherein said lysyl oxidase-like 
polypeptide comprises a copper binding domain with four Histidines (H) and a catalytic 
domain comprising Tyrosine (Y). 

20 9. The isolated polynucleotide of claim 6 having nucleic acid sequence substantially 
the same as set forth in SEQ ID NO: 7, or functional fragments thereof. 

1 0. The isolated polynucleotide of claim 6, wherein said polynucleotide encodes a 
LOXL3 lysyl oxidase-like polypeptide having an amino acid sequence substantially the 
same as set forth in SEQ ID NO:8, or functional fragments thereof. 

25 11. The isolated polynucleotide of claim 1 0, wherein said polynucleotide comprises a 
genomic polynucleotide comprising 14 exons and 13 introns, and maps to chromosome 
2pl3.3. 
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5 12. The isolated polynucleotide of claim 6 having nucleic acid sequence substantially 
the same as set forth in SEQ ID NO: 9, or functional fragments thereof. 

13. The isolated polynucleotide of claim 12, wherein said polynucleotide encodes a 
LOXL4 lysyl oxidase-like polypeptide having an amino acid sequence substantially the 
same as set forth in SEQ ID NO: 10, or functional fragments thereof. 

10 14. The isolated polynucleotide of claim 13, wherein said polynucleotide comprises a 
genomic polynucleotide comprising 13 exons and 12 introns, and maps to chromosome 
10q24. 

15. An expression vector containing a polynucleotide of claim 6. 

16. A host cell containing a vector of claim 15. 

15 17. A method for producing a lysyl oxidase-like polypeptide, said method comprising 
culturing a host cell a polynucleotide of claim 16 under conditions suitable for the 
expression of said polypeptide. 

18. The method of claim 1 7 further comprising recovering said polypeptide from said 
host cell culture. 

20 19, The method of claim 1 8, wherein said polypeptide is LOXL3 or LOXL4. 

20. Antibodies which bind to the polypeptide of claim 1, or functional fragments 
thereof 

21. The antibodies of claim 20, wherein said antibodies are polyclonal or monoclonal 
antibodies. 

25 22. A transgenic knockout mouse whose genome comprises a disruption of a lysyl 
oxidase or lysyl oxidase-like gene, wherein said disruption comprises insertion of a 
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5 transgene, and wherein said disruption results in exhibition of a disorder as compared to a 
wild-type mouse. 

23. The transgenic knockout mouse of claim 22, wherein said disorder is a disorder of 
extracellular matrix materials, a cell migration disorder or a cell proliferative disorder. 

24. The transgenic knockout mouse of claim 22, wherein said disorder is a skin 
10 disorder, a vascular system disorder, a skeletal development disorder, a neurological 

disorder, a hepatic system disorder, a copper-related disorder, a pulmonary system 
disorder, cancer, or a lathyrism disorder. 

25. The transgenic knockout mouse of claim 22, wherein said mouse has 
homozygosity or heterozygosity of said disruption of an endogenous lysyl oxidase or 

15 lysyl oxidase-like gene. 

26. A method for producing a transgenic knockout mouse exhibiting a lysyl oxidase 
or lysyl oxidase-like disorder, said method comprising: 



(a) introducing a lysyl oxidase or lysyl oxidase-like transgene comprising a 
selectable marker sequence into a mouse embryonic stem cell; 



20 



(b) 



introducing said mouse embryonic stem cell into a mouse embryo; 



(c) 



transplanting said embryo into a pseudopregnant mouse; 



(d) 



allowing said embryo to develop to term; and 



25 



(e) identifying a transgenic mouse whose genome comprising a disruption of 
the endogenous lysyl oxidase or lysyl oxide-like gene, wherein said disruption 
resulting in an exhibition of lysyl oxidase or lysyl oxidase-like disorder as 
compared to a wild-type mouse. 
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5 27. The method of claim 26, wherein said transgenic mouse comprises homozygosity 
or heterozygosity of said disruption of an endogenous lysyl oxidase or lysyl oxidase-like 
gene. 

28. A method for producing a transgenic mouse exhibiting a lysyl oxidase or lysyl 
oxidase-like disorder, said method comprising: 

10 (a) transplanting a mouse embryo having mouse embryonic stem cells that 

contain a lysyl oxidase or lysyl oxidase-like transgene comprising a selectable 
marker sequence into a pseudop regnant mouse; and 

(b) following development of said embryo to term, identifying a transgenic 
mouse whose genome comprising a disruption of an endogenous lysyl oxidse or 
1 5 lysyl oxidase-like gene, wherein said disruption resulting in said mouse exhibiting 

lysyl oxidase or lysyl oxidase-like disorder as compared to a wild type-mouse. 

29. A method for identifying a compound that modulates lysyl oxidase or lysyl 
oxidase-like polypeptide activity, said method comprising: 

(a) incubating said compound with a cell expressing a lysyl oxidase or lysyl 
20 oxidase-like polypeptide under conditions sufficient to permit said compound to 

interact with the cell; 

(b) comparing a cellular response in said cell incubated with said compound 
with a cellular response of a cell not incubated with said compound, thereby 
identifying a compound that modulates lysyl oxidase or lysyl oxidase-like 

25 polypeptide activity. 

30. The method of claim 29, wherein said cellular response is an amine oxidase 
activity. 
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5 31 . The method of claim 29, wherein said lysyl oxidase or lysyl oxidase-like 
polypeptide activity is cross-linking extracellular matrix materials, modulating cell 
migration or modulating cell proliferation. 

32. A method of treating a disorder associated with lysyl oxidase or lysyl oxidase-like 
polypeptide activity comprising administering to a subject in need thereof a 

10 therapeutically effective amount of a compound that modulates a lysyl oxidase or lysyl 
oxidase-like polypeptide activity. 

33. The method of claim 32, wherein said disorder is a cell proliferative disorder, a 
cell migration disorder or a disorder related to extracellular matrix materials. 

34. The method of claim 32, wherein said disorder is a skin disorder, a vascular 
15 system disorder, a skeletal development disorder, a neurological disorder, a hepatic 

system disorder, a copper-related disorder, a pulmonary system disorder, cancer, or a 
lathyrism disorder. 

35. The method of claim 32, wherein said compound comprises an agonist or 
antagonist of lysyl oxidase or lysyl oxidase-like polypeptide activity. 

20 36. A method of diagnosis of a subject having or at risk of having a cell proliferative 
disorder, a cell migration disorder or a disorder related to extracellular matrix materials, 
said method comprising detecting in the subject a level or activity of lysyl oxidase or 
lysyl oxidase-like polypeptide wherein a difference in the level or activity of lysyl 
oxidase or lysyl oxidase-like polypeptide in said subject from a level or activity of lysyl 

25 oxidase or lysyl oxidase-like polypeptide in a normal subject is indicative of a cell 
proliferative disorder, a cell migration disorder or a disorder related to extracellular 
matrix materials. 

37. The method of claim 36, wherein said level or activity of a lysyl oxidase or lysyl 
oxidase-like polypeptide in said subject having or at risk of having a cell proliferative, a 
30 cell migration disorder or a disorder related to extracellular matrix materials disorder is 
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5 lower than said level or activity of lysyl oxidase or lysyl oxidase-like polypeptide in a 
normal subject. 

38. The method of claim 36, wherein said level or activity of a lysyl oxidase or lysyl 
oxidase-like polypeptide in said subject having or at risk of having a cell proliferative, a 
cell migration disorder or a disorder related to extracellular matrix materials disorder is 

10 higher than said level or activity of lysyl oxidase or lysyl oxidase-like polypeptide in a 
normal subject. 

39. A method of diagnosis of a subject having or at risk of having a skin disorder, a 
vascular system disorder, a skeletal development disorder, a neurological disorder, a 
hepatic system disorder, a copper-related disorder, a pulmonary system disorder, cancer, 

15 or a lathyrism disorder comprising detecting in the subject a level or activity of a lysyl 
oxidase or lysyl oxidase-like polypeptide, wherein a difference in the level or activity of 
lysyl oxidase or lysyl oxidase-like polypeptide in said subject from a level or activity of 
lysyl oxidase or lysyl oxidase-like polypeptide in a normal subject is indicative of a skin 
disorder, a vascular system disorder, a skeletal development disorder, a neurological 

20 disorder, a hepatic system disorder, a copper-related disorder, a pulmonary system 
disorder, cancer, or a lathyrism disorder. 

40. The method of claim 39, wherein said level or activity of lysyl oxidase or lysyl 
oxidase-like polypeptide in said subject having or at risk of having a cell proliferative, a 
cell migration disorder or a disorder related to extracellular matrix materials disorder is 

25 lower than the level or activity of lysyl oxidase or lysyl oxidase-like polypeptide in a 
normal subject. 

41 . The method of claim 39, wherein said level or activity of lysyl oxidase or lysyl 
oxidase-like polypeptide in said subject having or at risk of having a cell proliferative, a 
cell migration disorder or a disorder related to extracellular matrix materials disorder is 

30 higher than the level or activity of lysyl oxidase or lysyl oxidase-like polypeptide in a 
normal subject. 



BNSDOCID <WO 0163702A2 I 



WO 01/83702 



PCT/US01/U472 



1/7 




BNSDOCID <WO _ 0183702A2_I_> 



WO 01/83702 



PCT/LSOI/14472 



2/7 



LOX 
5q23 



£X1 EX 2 Ul EX 4 EX S CXI 

900 109 13* IS7 90 1 10 

ZD I I I I I 



in 

J3SO 



LOXL 
15q24 



EXI EX 2 EX J EX 4 EX 5 EX0 EX 7 

1200 100 13a 15? 96 1 10 30! 

ZZh 1 I ■ I I B- 



EXI EX 3 EX3 £X 4 EX S EX I EX 7 EX I EX 9 EX tOEX 1 1 EX 13 GX 13 

, nrr - <39 177 215 223 184 1S7 163 166 244 116 137 112 940 

spT 2 -□ 0 — v^-D — D-D— 0-D — 0 ■ I I I WZr 



EX 1 

LOXL3 " 8 
2pl3 — O 



EX3 
164 



EX 3 
219 



EX 4 EX 6 EX6EX7 EXI EXI EX 10 EX 11 EX12 EX 13 
220 161 153 161 143 244 116 137 112 161 



-0-O— //- — D-tHHH] ■ I I I 



LOXL4 
10q24 



EXI EX 2 EX 3 
300 1 79 206 



EX 4 EX 6 EX 6 EX7 EXI 
220 194 Uf ill 113 



EX9 EX 10 EX 11 EX 12 
244 119 197 112 



■O-O— 0 tHHHh-0 II I ! 



ex 13 

13S0 



FIGURE 2 



BNSOOCID <WO 0183702A2 I > 



WO 01/83702 



PCT/U S0 1/14472 



3/7 



LOX 

LOXL 

LOXL2 

LOXL3 

LOXL4 



Figure 3 



BNSDOCID <WO 01B370ZA2 I > 



WO 01/83702 



PCT/US01/14472 



4/7 



2500 




tOI LOI. UN LOIL t«IL« tit* 



FIGURE 4 



BNSDOCID <WO 01B3702A2J > 



WO01/S3702 



PCT/US(M/14472 



5/7 




FIGURE 5 



BNSDOCID <WO 0183702A2 I 



WO 01/83702 



PCT/USOI/14472 



6/7 




BNSDOCID <WO .0183702A2I 



WO 01/83702 



PCT/US01/14472 



7/7 




FIGURE 7 



BNSDOCID <WO 0183702A2J. 



WO 01/83702 PCT/US01/14472 



5 SEQUENCE LISTING 

SEQ ID NO: 1 LOX cDN A sequence 

gggecaggae tgagaaaggg gaaagggaag ggtgccacgt ccgagcagcc gccttgactggggaagggtc tgaatcccac 
ccttggcatt gcttggtgga gactgagata cccgtgctccgctcgcctcc ttggttgaag atttctcctt ccctcacgtg 

10 atttgagece cgtttttattttctgtgagc cacgtcctcc tegagegggg tcaatctggc aaaaggagtg 

atgcgcttcgcctggaccgt gctcctgctc gggcctttgc agctctgcgc getagtgeae tgcgcccctcccgccgccgg 
ccaacagcag cccccgcgcg agccgccggc ggctccgggc gcctggcgccagcagatcca atgggagaac 
aacgggcagg tgttcagctt getgagectg ggctcacagtaccagcctca gcgccgccgg gacccgggcg ccgccgtccc 
tggtgcagcc aacgcctccgcccagcagcc ccgcactccg atectgetga tccgcgacaa ccgcaccgcc 

15 gcggggcgaacgcggacggc cggctcatct ggagtcaccg ctggccgccc caggcccacc gcccgtcactggttccaagc 
tggctactcg acatctagag cccgcgaagc tgggccctcg cgcgcggagaaccagacagc geegggagaa gttcctgctc 
tcagtaacct gcggccgccc agccgcgtggacggcatggt gggegacgae ccttacaacc cctacaagta ctctgacgac 
aacccttattacaactacta cgatacttat gaaaggecca gacctggggg caggtacegg cccggatacggcactggcta 
cttccagtac ggtctcccag acctggtggc cgacccctac tacatccaggcgtccacgta cgtgcagaag atgtccatgt 

20 acaacctgag atgcgcggcg gaggaaaactgtctggccag tacagcatac agggcagatg tcagagatta tgatcacagg 
gtgctgctcagatttcccca aagagtgaaa aaccaaggga catcagattt cttacccagc cgaccaagatattcctggga 
atggcacagt tgtcatcaac attaccacag tatggatgag tttagccacttgtacctgct tgatgecaac acccagagga 
gatgggctga aggecacaaa gcaagtttctgtcttgaaga cacatcctgt gactatggct accacaggcg atttgeatgt 
actgcacacacacagggatt gagtcctggc tgttatgata cctatggtgc agacatagac tgccagtggattgatattac 

25 agatgtaaaa cctggaaact atatcctaaa ggtcagtgta aaccccagctacctggttcc tgaatctgac tataccaaca 
atgttgtgcg ctgtgacatt cgctacacaggacatcatgc gtatgectea ggctgcacaa tttcaccgta ttagaaggca 
aagcaaaactcccaatggat aaatcagtgc ctggtgttct gaagtgggaa aaaatagact aacttcagtaggatttatgt 
attttgaaaa agagaacaga aaacaacaaa agaatttttg tttggactgttttcaataac aaagcacata actggatttt 
gaacgcttaa gtcatcatta cttgggaaatttttaatgtt tattatttac atcactttgt gaattaacac agtgtttcaa 

30 ttctgtaattacatatttga ctctttcaaa aaaaaaaaaa aaaaaaaaaa 

SEQ ID NO: 2 LOX amino acid sequence 

MRFAWTVLLLGPLQLCALVHCAPPAAGQQQPPREPPAAPGAWRQQIQWENNGQVF 
SLLSLGSQYQPQRRRDPGAAVPGAANASAQQPRTPILLIRDNRTAAGRTRTAGSSGVT 
AGRPRPTAJU1WFQAGYSTSRAREAGPSRAENQTAPGEVPALSNLRPPSRVDGMVGD 
35 DPYNPYKYSDDNPYYNYYDTYERPRPGGRYRPGYGTGYFQYGLPDLVADPYYIQAS 
TYVQKMSMYNLRCAAEENCLASTAYRADVRDYDHRVLLRFPQRVKNQGTSDFLPS 
RPRYSWEWHSCHQHYHSMDEFSHLYLLDANTQRRWAEGHKASFCLEDTSCDYGYH 
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5 RRFACTAHTQGLSPGCYDTYGADIDCQWIDITDVKPGNYTLKVSVNPSYLVPESDYT 
NNVVRCDIRYTGHHAYASGCTISPY 

SEQIDNO: 3LOXL cDNA sequence 

gccagccgag cggccagcca gtgcggggct ggccatgtaa ggcccacagg cggtcctgcccgcccggtgc cctgcggaga 
gcctcgtgca gccctgggca ccgcccctgc cctgccctgaccccttggcc ttgaaatgct gtcatcggag gagccgtccc gctcgggaca 

10 aggccagcatggacaaagct agagctgggg caagcaagga gccttcctgt cctcgaggcc gtgggaagagaagcacgccc 

agggggccac tcctgagagc ctctctgicc accaggcctc tgcagaggggtcaccatggc tctggcccga ggcagccggc agctgggggc 
cctggtgtgg ggcgcctgcc tgtgcgtgct ggtgcacggg cagcaggcgc agcccgggca gggctcggac cccgcccgct 
ggcggcagct gatccagtgg gagaacaacg ggcaggtgta cagcttgctc aactcgggct cagagtacgt gccggccgga cctcagcgct 
ccgagagtag ctcccgggtg ctgctggccg gcgcgcccca ggcccagcag cggcgcagcc acgggagccc ccggcgtcgg 

1 5 caggcgccgt ccctgcccct gccggggcgc gtgggctcgg acaccgtgcg cggccaggcg cggcacccat tcggctttgg 
ccaggtgccc gacaactggc gcgaggtggc cgtcggggac agcacgggca tggccctggc ccgcacctcc gtctcccagc 
aacggcacgg gggctccgcc tcctcggtct cggcttcggc cttcgccagc acctaccgcc agcagccctc ctacccgcag cagttcccct 
acccgcaggc gcccttcgtc agccagtacg agaactacga ccccgcgtcg cggacctacg accagggttt cgtgtactac cggcccgcgg 
gcggcggcgt gggcgcgggg gcggcggccg tggcctcggc gggggtcatc tacccctacc agccccgggc gcgctacgag 

20 gagtacggcg gcggcgaaga gctgcccgag tacccgcctc agggcttcta cccggccccc gagaggccct acgtgccgcc 
gccgccgccg ccccccgacg gcctggaccg ccgctactcg cacagtctgt acagcgaggg cacccccggc ttcgagcagg 
cctaccctga ccccggtccc gaggcggcgc aggcccatgg cggagaccca cgcctgggct ggtacccgcc ctacgccaac 
ccgccgcccg aggcgtacgg gccgccgcgc gcgctggagc cgccctacct gccggtgcgc agctccgaca cgcccccgcc 
gggtggggag cggaacggcg cgcagcaggg ccgcctcagc gtaggcagcg tgtaccggcc caaccagaac ggccgcggtc 

25 tccctgactt ggtcccagac cccaactatg tgcaagcatc cacttatgtg cagagagccc acctgtactc cctgcgctgt gctgcggagg 

agaagtgtct ggccagcaca gcctatgccc ctgaggccac cgactacgat gtgcgggtgc tactgcgctt cccccagcgc gtgaagaacc 
agggcacagc agacttcctc cccaaccggc cacggcacac ctgggagtgg cacagctgcc accagcatta ccacagcatg gacgagttca 
gccactacga cctactggat gcagccacag gcaagaaggt ggccgagggc cacaaggcca gtttctgcct ggaggacagc acctgtgact 
tcggcaacct caagcgctat gcatgcacct ctcataccca gggcctgagc ccaggctgct atgacaccta caatgcggac atcgactgcc 

30 agtggatcga cataaccgac gtgcagcctg ggaactacat cctcaaggtg cacgtgaacc caaagtatat tgttttggag tctgacttca 
ccaacaacgt ggtgagatgc aacattcact acacaggtcg ctacgtttct gcaacaaact gcaaaattgt ccaatcctga tctccgggag 
ggacagatgg ccaatctctc cccttccaaa gcaggccctg ctccccgggc agcctcccgc cgaggggccc agcccccaac 
ccacaggcag ggaggggcat ccctccctgc cggcctcagg gagcgaacgt ggatgaaaac cacagggatt ccggatgcca gaccccattt 
tatacttcac ttttctctac agtgttgttt tgttgttgtt ggtttttatt ttttatactt tggccatacc acagagctag angcccagg tctgggctga 

35 ataaaacaag gtttttct 

SEQ ID NO: 4LOXL amino acid sequence 

MALARGSRQLGALVWGACLCVLVHGQQAQPGQGSDPARWRQLIQWENNGQVYSL 

LNSGSEYVPAGPQRSESSSRVLLAGAPQAQQRRSHGSPRRRQAPSLPLPGRVGSDTVR 

GQARHPFGFGQVPDNWREVAVGDSTGMALARTSVSQQRHGGSASSVSASAFASTYR 
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5 QQPSYPQQFPYPQAPFVSQYENYDPASRTYDQGFVYYRPAGGGVGAGAAAVASAG 
VIYPYQPRARYEEYGGGEELPEYPPQGFYPAPERPYVPPPPPPPDGLDRRYSHSLYSEG 
TPGFEQAYPDPGPEAAQAHGGDPRLGWYPPYANPPPEAYGPPRALEPPYLPVRSSDT 
PPPGGERNGAQQGRLSVGSVYRPNQNGRGLPDLVPDPNYVQASTYVQRAHLYSLRC 
AAEEKCLASTAYAPEATDYDVRVLLRFPQRVKNQGTADFLPNRPRHTWEWHSCHQ 
10 HYHSMDEFSHYDLLDAATGKKVAEGHKASFCLEDSTCDFGNLKRYACTSHTQGLSP 
GCYDTYNADIDCQWIDITDVQPGNmKVHVNPKYW^ 
VSATNCKIVQS 

SEQ ID NO:5 LOXL2 cDNA sequence (human) 

aacctgaata tccaggtgga ggacattcgg attcgagcca tcctctcaac ctaccgcaag cgcaccccag tgatggaggg ctacgtggag 
15 gtgaaggagg gcaagacctg gaagcagatc tgtgacaagc actggacggc caagaattcc cgcgtggtct gcggcatgtt tggcttccct 
ggggagagga catacaatac caaagtgtac aaaatgtttg cctcacggag gaagcagcgc tactggccat tctccatgga ctgcaccggc 
acagaggccc acatctccag ctgcaagctg ggcccccagg tgtcactgga ccccatgaag aatgtcacct gcgagaatgg gcagccggcc 
gtggtgagtt gtgtgcctgg gcaggtcttc agccctgacg gaccctcgag attccggaaa gcatacaagc cagagcaacc cctggtgcga 
ctgagaggcg gtgcctacat cggggagggc cgcgtggagg tgctcaaaaa tggagagtgg gggaccgtct gcgacgacaa 

20 gtgggacctg gtgtcggcca gtgtggtctg cagagagctg ggctttggga gtgccaaaga ggcagtcact ggctcccgac tggggcaagg 
gatcggaccc atccacctca acgagatcca gtgcacaggc aatgagaagt ccattataga ctgcaagttc aatgccgagt ctcagggctg 
caaccacgag gaggatgctg gtgtgagatg caacacccct gccatgggct tgcagaagaa gctgcgcctg aacggcggcc gcaatcccta 
cgagggccga gtggaggtgc tggtggagag aaacgggtcc cttgtgtggg ggatggtgtg tggccaaaac tggggcatcg tggaggccat 
ggtggtctgc cgccagctgg gcctgggatt cgccagcaac gccttccagg agacctggta ttggcacgga gatgtcaaca gcaacaaagt 

25 ggtcatgagt ggagtgaagt gctcgggaac ggagctgtcc ctggcgcact gccgccacga cggggaggac gtggcctgcc 

cccagggcgg agtgcagtac ggggccggag ttgcctgctc agaaaccgcc cctgacctgg tcctcaatgc ggagatggtg cagcagacca 
cctacctgga ggaccggccc atgttcatgc tgcagtgtgc catggaggag aactgcctct cggcctcagc cgcgcagacc gaccccacca 
cgggctaccg ccggctcctg cgcttctcct cccagatcca caacaatggc cagtccgact tccggcccaa gaacggccgc cacgcgtgga 
tctggcacga ctgtcacagg cactaccaca gcatggaggt gttcacccac tatgacctgc tgaacctcaa tggcaccaag gtggcagagg 

30 gccaaaaggc cagcttctgc ttggaggaca cagaatgtga aggagacatc cagaagaatt acgagtgtgc caacttcggc gatcagggca 
tcaccatggg ctgctgggac atgtaccgcc atgacatcga ctgccagtgg gttgacatca ctgacgtgcc ccctggagac tacctgttcc 
aggttgttat taaccccaac ttcgaggttg cagaalccga ttactccaac aacatcatga aatgcaggag ccgctatgac ggccaccgca 
tctggatgta caactcccac ataggtggtt ccttcagcga agagacggaa aaaaagtttg agcacttcag cgggctctta aacaaccagc 
tgtccccgcc agtaaagaag cctgcgtggt caactcctgt cttcaggcca caccacatct tccatgggac ttctccccaa caactgagtc 

35 tgaacgaatg ccacgtgccc tcacccagcc cggcccccac cctgtccaga cccctacagc tgtgtctaag ctcaggagga aagggaccct 
cccatcaltc atggggggct gctacctgac ccttggggcc tgagaaggcc ttgcgggggt ggggtttgtc cacagagctg ctggagcagc 
accaagagcc agtcttgacc gggatgaggc ccacagacag gttgtcatca gcttgtccca ttcaagccac cgagctcacc acagacacag 
tggagccgcg ctcttctcca gtgacacgtg gacaaatgcg ggctcatcag cccccccaga gagggtcagg ccgaacccca tttctcctcc 
tcttacctca ttttcagcaa acttgaatat ctagacctct cttccaatga aaccctccag tctattatag tcacatagat aatggtgcca cgtgttttct 

40 gatttggtga gctcagactt ggtgcttccc tatccacagc ccccacccct tgtttttcaa gatactatta ttatattttc acagactttt 
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5 gaagcacaaa ttlattggca ntaatattg gacatctggg cccttggaag tacaaatcta aggaaaaacc aacccactgt gtaagtgact 
catcttcctg ttgttccaat tctgtgggtt tttgattcaa cggtgctata accagggtcc tgggtgacag ggagatacat gagcaccatg 
tgtcatcaca gacacttaca catacttgaa acttggaata aaagaaagat ttatgaaacg tgtctgtgtt tcctttgacc cacagcacct 
gggccctgag cagcaggctt cctatgttca gtggccagaa gcagagcttc aggtacattc gtggttttct ccggtggaca tgggtcctca 
gatcccctcc agcccagtgt ggccaccagg gcacctcctt caatagactc caaaaggggc agctcctacc atctgggaga agcaatctaa 
1 0 ggagatcaca aaaagtaacg gaacaggagt cataatcttt cttgaactcc tgtggttttt actgaaactt gtcagaaggc ataggagttg 

tgcgagggct ggatgggaag tctagattta aacagccacc aggcagctta tcaaagcaag agggcatccg ttcacaggac aggggctccc 
agcaattccc agtggcagtg gggggtggct ggcccaagcc ccaagtcacc cagacacagg ggacttcccc ttgtgtcaac agcatgctag 
ggcccagcaa actagagggt aggtaggacc accttggcac caactccact caaaccac 

15 SEQIDNO.-6 LOXL2 amino acid sequence (human) 

MEGYVEVKEGKTWQICDKiiWTAKNSRWCGMFGFPGERTYNTKVYKMFASRiUCQRYWPF 
SMDCTGTEAHISSCKLGPQVSLDPMKNVTCENGQPAWSCVPGQVFSPDGPSRFRKAYKPEQP 
LVRLRGGAYIGEGRVEVLKNGEWGTVCDDKWDLVSASWCRELGFGSAKEAVTGSRLGQG1 
GPIHLNEIQCTGNEKSIIDC1CFNAESQGCNHEEDAGVRCNTPAMGLQKKLRLNGGRNPYEGRV 

20 EVLVERNGSLVWGMVCGQNWGIVTAMWCRQLGLGFASNAfQETWYWHGDVNSNKVVMS 
GVKCSGTELSLAHCRHDGEDVACPQGGVQYGAGVACSETAPDLVLNAEMVQQTTYLEDRPM 
FMLQCAMEENCLSASAAQTDPTTGYPJU.LRJSSQIHNNGQSDFRPKNGRHAWIWHDCHRHY 
HSMEVFTHYDLLNLNGTKVAEGQKASFCLEDTECEGDIQKNYECANFGDQGITMGCWDMYR 
HDIDCQWVDITDVPPGDYLFQVVINPNFEVAESDYSNNIMKCRSRYDGHRIWMYNSHIGGSFS 

25 EETEKKFEHFSGLLNNQLSPPVKJCPAWSTPVFRPHHIFHGTSPQQLSLNECHVPSPSPAPTLSRP 
LQLCLSSGGKGPSHHSWGAAT. 

SEQIDNO:7 LOXL3 cDNA sequence (human) 

TAGGACTGAT CTCCAGGACC AGCACTCTTC TCCCAGCCCT TAGGGTCCTG 
CTCGGCCAAG GCCTTCCCTG CCATGCGACC TGTCAGTGTC TGGCAGTGGA 

30 GCCCCTGGGG GCTGCTGCTG TGCCTGCTGT GCAGTTCGTG CTTGGGGTCT CCGTCCCCTT 
CCACGGGCCC TGAGAAGAAG GCCGGGAGCC AGGGGCTTCG GTTCCGGCTG 
GCTGGCTTCC CCAGGAAGCC CTACGAGGGC CGCGTGGAGA TACAGCGAGC 
TGGTGAATGG GGCACCATCT GCGATGATGA CTTCACGCTG CAGGCTGCCC 
ACATCCTCTG CCGGGAGCTG GGCTTCACAG AGGCCACAGG CTGGACCCAC 

35 AGTGCCAAAT ATGGCCCTGG AACAGGCCGC ATCTGGCTGG ACAACTTGAG 
CTGCAGTGGG ACCGAGCAGA GTGTGACTGA ATGTGCCTCC CGGGGCTGGG 
GGAACAGTGA CTGTACGCAC GATGAGGATG CTGGGGTCAT CTGCAAAGAC 
CAGCGCCTCC CTGGCTTCTC GGACTCCAAT GTCATTGAGG TAGAGCATCA 
CCTGCAAGTG GAGGAGGTGC GAATTCGACC CGCCGTTGGG TGGGGCAGAC 

40 GACCCCTGCC CGTGACGGAG GGGCTGGTGG AAGTCAGGCT TCCTGACGGC 
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5 TGGTCGCAAG TGTGCGACAA AGGCTGGAGC GCCCACAACA GCCACGTGGT 
CTGCGGGATG CTGGGCTTCC CCAGCGAAAA GAGGGTCAAC GCGGCCTTCT 
ACAGGCTGCT AGCCCAACGG CAGCAACACT CCTTTGGTCT GCATGGGGTG 
GCGTGCGTGG GCACGGAGGC CCACCTCTCC CTCTGTTCCC TGGAGTTCTA 
TCGTGCCAAT GACACCGCCA GGTGCCCTGG GGGGGGCCCT GCAGTGGTGA 
1 0 GCTGTGTGCC AGGCCCTGTC TACGCGGCAT CC AGTGGCC A GAAGAAGCAA 
CAACAGTCGA AGCCTCAGGG GGAGGCCCGT GTCCGTCTAA AGGGCGGCGC 
CCACCCTGGA GAGGGCCGGG TAGAAGTCCT GAAGGCCAGC ACATGGGGCA 
CAGTCTGTGA CCGCAAGTGG GACCTGCATG CAGCCAGCGT GGTGTGTCGG 
GAGCTGGGCT TCGGGAGTGC TCGAGAAGCT CTGAGTGGCG CTCGCATGGG 

1 5 GCAGGGCATG GGTGCTATCC ACCTGAGTG A AGTTCGCTGC TCTGGACAGG 
AGCTCTCCCT CTGGAAGTGC CCCCACAAGA ACATCACAGC TGAGGATTGT 
TCACATAGCC AGGATGCCGG GGTCCGGTGC AACCTACCTT ACACTGGGGC 
AGAGACCAGG ATCCGACTCA GTGGGGGCCG CAGCCAACAT GAGGGGCGAG 
TCGAGGTGCA AATAGGGGGA CCTGGGCCCC TTCGCTGGGG CCTCATCTGT 

20 GGGGATGACT GGGGGACCCT GGAGGCCATG GTGGCCTGTA GGCAACTGGG 
TCTGGGCTAC GCCAACCACG GCCTGCAGGA GACCTGGTAC TGGGACTCTG 
GGAATATAAC AGAGGTGGTG ATGAGTGGAG TGCGCTGCAC AGGGACTGAG 
CTGTCCCTGG ATCAGTGTGC CCATCATGGC ACCCACATCA CCTGC AAG A G 
GACAGGGACC CGCTTCACTG CTGGAGTCAT CTGTTCTGAG ACTGCATCAG 

25 ATCTGTTGCT GCACTCAGCA CTGGTGCAGG AGACCGCCTA CATCGAAGAC 
CGGCCCCTGC ATATGTTGTA CTGTGCTGCG GAAGAGAACT GCCTGGCCAG 
CTCAGCCCGC TCAGCCAACT GGCCCTATGG TCACCGGCGT CTGCTCCGAT 
TCTCCTCCCA GATCCACAAC CTGGGACGAG CTGACTTCAG GCCCAAGGCT 
GGGCGCCACT CCTGGGTGTG GCACGAGTGC CATGGGCATT ACCACAGCAT 

30 GGACATCTTC ACTCACTATG ATATCCTCAC CCCAAATGGC ACCAAGGTGG 
CTGAGGGCCA CAAAGCTAGT TTCTGTCTCG AAGACACTGA GTGTCAGGAG 
GATGTCTCCA AGCGGTATGA GTGTGCCAAC TTTGGAGAGC AAGGCATCAC 
TGTGGGTTGC TGGGATCTCT ACCGGCATGA CATTGACTGT CAGTGGATTG 
ACATCACGGA TGTGAAGCCA GGAAACTACA TTCTCCAGGT TGTCATCAAC 

35 CCAAACTTTG AAGTAGCAGA GAGTGACTTT ACCAACAATG CAATGAAATG 
TAACTGCAAA TATGATGGAC ATAGAATCTG GGTGCACAAC TGCCACATTG 
GTGATGCCTT CAGTGAAGAG GCCAACAGGA GGTTTGAACG CTACCCTGGC 
CAGACCAGCA ACCAGATTAT CTAAGTGCCA CTGCCCTCTG CAAACCACCA 
CTGGCCCCTA ATGGCAGGGG TCTGAGGCTG CCATTACCTC AGGAGCTTAC 

40 CAAGAAACCC ATGTCAGCAA CCGCACTCAT CAGACCATGC ACTATGGATG 
TGGAACTGTC AAGCAGAAGT TTTCACCCTC CTTCAGAGGC CAGCTGTCAG 
TATCTGTAGC CAAGCATGGG AATCTTTGCT CCCAGGCCCA GCACCGAGCA 
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5 GAACAGACCA GAGCCCACCA CACCACAAAG AGCAGCACCT GACTAACTGC 
CCACAAAAGA TGGCAGCAGC TCATTTTCTT TAATAGGAGG TCAGGATGGT 
CAGCTCCAGT ATCTCCCCTA AGTTTAGGGG GATACAGCTT TACCTCTAGC 
CTTTTGGTGG GGGAAAAGAT CCAGCCCTCC CACCTCATTT TTTACTATAA TATGTTGCTA 
GGTATAATTT TATTTTATAT AAAAAGTGTT TCTGTGATTC TTCAGAGCCC AGGAGTCAGT 

1 0 GCTGGTGGTT GGAGGGACCT GCCCCCACTG GTTCATTTAA CCCTCTGTCT 

CGGTGCCCTC AGAACCTCAG CCAGAAAGGC AAGGAGGAAA TCAGAGCAGG 
AGCCTCATAC TCTTGGTGAT CTATTCATTC TGTGACCTCA GGGGTCACAT 
ATAAGGTCAG TGTTTCTCGT CCCCGCCGGA TCTGCACTGC CAACTGGGAT 
TGGGTTCGAA CAGCTTCATA AACATCTTCA GCATTTTGTA CCATCTGCTC 

1 5 CCCAATGGCC AAAATCACAT CACCAGGCCG CAGACC AGCC C 

SEQ ID NO:8 LOXL3 amino acid sequence (human) 

MRPVSVWQWS PWGLLLCLLC SSCLGSPSPS TGPEKKAGSQ GLRFRLAGFP RKPYEGRVEI 
QRAGEWGTIC DDDFTLQAAH ILCRELGFTE ATGWTHSAKY GPGTGRIWLD NLSCSGTEQS 
VTECASRGWG NSDCTHDEDA GVICftDQRLP GFSDSNVIEV EHHLQVEEVR IRPAVGWGRR 

20 PLPVTEGLVE VRLPDGWSQV CDKGWSAHNS HWCGMLGFP SEKRVNAAFY 

RLLAQRQQHS FGLHGVACVG TEAHLSLCSL EFYRANDTAR CPGGGPAVVS CVPGPVYAAS 
SGQKJCQQQSK PQGEARVRLK GGAHPGEGRV EVLKASTWGT VCDRKWDLHA 
ASVVCRELGF GSAREALSGA RMGQGMGAIH LSEVRCSGQE LSLWKCPHKN ITAEDCSHSQ 
DAGVRCNLPY TGAETRIRLS GGRSQHEGRV EVQIGGPGPL RWGLICGDDW GTLEAMVACR 

25 QLGLGYANHG LQETWYWDSG NTTEWMSGV RCTGTELSLD QCAHHGTHIT CKRTGTRFTA 
GVICSETASD LLLHSALVQE TAYTEDRPLH MLYCAAEENC LASSARSANW PYGHRRLLRF 
SSQIHNLGRA DFRPKAGRHS WVWHECHGHY HSMDIFTHYD 1LTPNGTKVA EGHKASFCLE 
DTECQEDVSK RYECANFGEQ GITVGCWDLY RHDIDCQWID ITDVKPGNYI LQWINPNFE 
VAESDFTNNA MKCNCKYDGH RIWVHNCHIG DAFSEEANRR FERYPGQTSN QII 

30 SEQ ID NO:9 LOXL4 cDNA Sequence (Human) 

tgtgaccgcc gcggcgccgc ccagccccgg actgtcgcgc tccatctggt atcttggcct cagctgtcct tgaagtcacc atggcgtggt 
ccccaccagc caccctcttt ctgttcctgc tgctgctagg ccagccccct cccagcaggc cacagtcact gggcaccact aagctccggc 
tggtgggccc agagagcaag ccagaggagg gccgcctgga ggtgctgcac cagggccagt ggggcaccgt gtgtgatgac 
aactttgcta tccaggaggc cacagtggct tgccgccagc tgggcttcga agctgccttg acctgggccc acagtgccaa gtacggccaa 
35 ggggagggac ccatctggct ggacaatgtg cgctgtgtgg gcacagagag ctccttggac cagtgcgggt ctaatggctg gggagtcagt 
gactgcagtc actcagaaga cgtaggggtg atatgccacc cccggcgcca tcgtggctac ctttctgaaa ctgtctccaa tgcccttggg 
ccccagggcc ggcggctgga ggaggtgcgg ctcaagccca tccttgccag tgccaagcag catagcccag tgaccgaggg 
agccgtggag gtgaagtatg agggccactg gcggcaggtg tgtgaccagg gctggaccat gaacaacagc agggtggtgt 
gcgggatgct gggcttcccc agcgaggtgc ctgtcgacag ccactactac aggctgaaga gcctgacgaa taagaactcc ttctggatcc 
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5 accaggtcac ctgcctgggg acagagcccc acatggccaa ctgccaggtg caggtggctc cagcccgggg caagctgcgg 

ccagcctgcc caggtggcat gcacgctgtg glcagctgtg tggcagggcc tcacttccgc ccaccgaaga caaagccaca acgcaaaggg 
tcctgggcag aggagccgag ggtgcgcctg cgctccgggg cccaggtggg cgagggccgg gtggaagtgc tcatgaaccg 
ccagtggggc acggtctgtg accacaggtg gaacctcatc tctgccagtg tcgtgtgtcg tcagctgggc tttggctctg ctcgggaggc 
cctctttggg gcccggctgg gccaagggct agggcccatc cacctgagtg aggtgcgctg caggggatat gagcggaccc tcagcgactg 

10 ccctgccctg gaagggtccc agaatggttg ccaacatgag aatgatgctg ctgtcaggtg caatgtccct aacatgggct ttcagaatca 

ggtgcgcttg gctgglgggc gtatccctga ggaggggcta ttggaggtgc aggtggaggt gaacggggtc ccacgctggg ggagcgtgtg 
cagtgaaaac tgggggctca ccgaagccat ggtggcctgc cgacagctcg gcctgggttt tgccatccat gcctacaagg aaacctggtt 
ctggtcgggg acgccaaggg cccaggaggt ggtgatgagt ggggtgcgct gctcaggcac agagctggcc ctgcagcagt 
gccagaggca cgggccggtg cactgctccc acggtggcgg gcgcttcctg gctggagtct cctgcatgga cagtgcacca gacctggtga 

15 tgaacgccca gctagtgcag gagacggcct acttggagga ccgcccgctc agccagctgt attgtgccca cgaggagaac tgcctctcca 
agtctgcgga tcacatggac tggccctacg gataccgccg cctattgcgc ttctccacac agatctacaa tctgggccgg actgactttc 
gtccaaagac tggacgcgat agctgggttt ggcaccagtg ccacaggcat taccacagca ttgaggtctt cacccactac gacctcctca 
ctctcaatgg ctccaaggtg gctgaggggc acaaggccag cttctgtctg gaggacacaa actgccccac aggactgcag cggcgctacg 
catgtgccaa ctttggagaa cagggagtga ctgtaggctg ctgggacacc taccggcatg acattgattg ccagtgggtg gatatcacag 

20 atgtgggccc cgggaattat atcttccagg tgattgtgaa cccccactat gaagtggcag agtcagattt ctccaacaat atgctgcagt 

gccgctgcaa gtatgatggg caccgggtct ggctgcacaa ctgccacaca gggaattcat acccagccaa tgcagaactc tccctggagc 
aggaacagcg tctcaggaac aacctcatct gaagctgtca ctgcacactc ctagctgctg ccgatacacc agatacctca gcttattgga 
gccatgccct tcacagagtc ccaactcaga ggaaaagggc cagtgccaag gggcaccaag aacctgctca ggaagccttt tgatggcaag 
atcaccaatc cagatggtat tgctccctca ggatggctct gggcctgccc ctaagggcct gtggcctatg gaatatgtcc tccaggcttt 

25 gctcagctga gctcctcttc tgtaaggaaa cccagtcatc cctgaatctt gccacagaga tccgggattc aggagctctc agtttcttag 

ggatggacta tggcccagtc ccccatctaa gtggtgcttt gcaaatgtct tggaggagta taggacagag gaccaaaata cacagcaggt 
agtgttagct ctctgctagg agctcaaagc aacacaactt gtatcaaaat cacaactggc agagaagctg gtggatccaa tcctttcttc 
atctgttgtt attlagaact cacctctcac actctgttct ttagtgtcct tacctttatc ttaccacaca catgggtgtt tctattatcc ttggaagcac 
agacctcggg catcccctta ttgcctgatg ggccaacacc aacagttacg gagtgcttga gaaggggcaa gtttcacaga aatggccaga 

30 tagggccttc ctacagagca gcaagagtag gccaagcaga aagactgctg aggtaacacg gaccccagcc cctgtcaggg cctctgccaa 
ggaaataata tggaccattt acctggcagg cagtctgctc tctctcagga tcaccacgca tctcaggatt ggtctaaact tcaagtctca 
accaagtgtc tgaagtgaac tttgcattga ataaattttt gccatggaaa gaacatcaaa caagccactc atctctacag agataagaaa 
acaagtttgg cagagcaaga gacagaagac cgtggagaaa tcagaagggg gaacagtcag tttagttaag gatggaacct gggaaaggcc 
accattcctg cttgatgggg ctctgatttg ctcttgctca agtggaataa aaccccatgg tcttcttgac atgattcttg atcttttctc 

35 cactgagaca cacttaagtg atgatcctta caggactgac accctaatgc caataaaagt tgctcattat gg 

SEQ ID NO: 10 LOXL4 amino acid sequence (Human) (Length: 162 aa) 

MAWSPPATLFLFLLLLGQPPPSRPQSLGTTKLRLVGPESKPEEGRLEVLHQGQWGTVCDDNFA 
IQEATVACRQLGFEAALTWAHSAKYGQGEGPIWLDNVRCVGTESSLDQCGSNGWGVSDCSH 
SEDVGVICHPRRHRGYLSETVSNALGPQGRRLEEVRLKPILASAKQHSPVTEGAVEVKYEGHW 
40 RQVCDQGWTMNNSRVVCGMLGFPSEVPVDSHYYRLKSLTNKNSFWIHQVTCLGTEPHMANC 
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5 QVQVAPARGKLRPACPGGMHAVVSCVAGPHFRPPKTKPQRKGSWAEEPRVRLRSGAQVGEG 
RVEVLMNRQWGTVCDHRWNLISASVVCRQLGFGSAREALFGARLGQGLGPIHLSEVRCRGYE 
RTLSDCPALEGSQNGCQHENDAAVRCNVPNMGFQNQVRLAGGRIPEEGLLEVQVEVNGVPR 
WGSVCSENWGLTEAMVACRQLGLGFAIHAYKETWFWSGTPRAQEWMSGVRCSGTELALQ 
QCQRHGPVHCSHGGGRFLAGVSCMDSAPDLVMNAQLVQETAYLEDRPLSQLYCAHEENCLS 
10 KSADHMDWPYGYRRLLRFSTQIYNLGRTDFRPKTGRDSWVWHQCHRHYHSIEVFTHYDLLT 
LNGSKVAEGHKASFCLEDTNCPTGLQRRYACANFGEQGVTVGCWDTYRHDIDCQWVDITDV 
GPGNYIFQVIVNPHYEVAESDFSNNMLQCRCKYDGHRVWLHNCHTGNSYPANAELSLEQEQR 

LRNNLI 

SEQ ID NO, 1 1 Amino acid sequence of the copper-binding domain of LOX or LOX-like 
15 polypeptide 

WEWHSCHQHYHSM 

Sequence ID NO. 1 2 Amino acid sequence of the catalytic domain of LOX or LOX-like 
polypeptide 

DIDCQWWIDITDVXPGNY 

20 Sequence ID NO. 13 Consensus sequence in the N-terminal modules of class I cytokine 
receptors 

C-X9-C-X-W-X26-32-C Xio.)3-C 

Sequence ID NO. 14 First 13 residues fit the Prosite pattern PS00241 of cytokine receptors 
C-[LVDYR]-X(7,8)-[STIVDN]-C-X-W 
25 Sequence ID NO. 1 5 Long extracellular SPERACT-receptor consensus sequence motif 
GAY IGE GRV EVL KNG EWG TVC DDK WDL VSA SW GRE LG 
Sequence ID NO. 16Short extracellular SPERACT-receptor motif 
CSHSQDAGVRC 

Sequence ID NO. 17 Amino acid sequence of the copper-binding domain of LOXL3 
30 polypeptide. 

WVWHECHGHYHSM 
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5 Sequence ID NO. 18 
X-Asp-J-Lys-Z 
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Consensus sequence in the N-tcrminal telopeptides 
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